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MOVEL COMPONENT OF AMYLOID IN 
ALgHEIMER-S DIS E ASE AND METHODS FOR USE OF SA»«g 

STATEMENT OF GOVERNM ENT SUPPORT 

Tliis invention was made with Government support under Grant No. AG05131 
5 awarded by the National Institutes of Health. 

BELATED U.S. PATENT APPUCATIONS 

This application is a continuation in part of U.S. patent appHcation serial no. 
OQ/1 14,393, filed on August 30, 1993. 

BACKQRQUND Q F THE INVENTION 



10 Fie/d of tfie Invention 

This invention relates to diagnosis and treatment of neuronal abnomnaHties. in 
particular the deposition of amyloid plaques characteristic of Atehelmer's 



15 



Descriation of R^tBd Art 

The most common cause of disabling dementia in humans is Alzheimer's 
disease ("AD^. Its inddenoe increases sharply witii age, and it is a major 
public health problem in our aging population. Persons suffering from 
Alzheimer's disease show a characteristic neuropathology, including synaptic 
loss, senfle plaques and neurofibrillary tangles. Neurofibrillary tangles comprise 
20 paired hefical filaments (VHn (D-L Selkoe, ef a/., Science, ^:873^6. 
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1987). A senEe plaque commonly comprises a mass of disorgarazed neurltes 
surrounding a deposit of wrtraceiyar filaments of an amyloid polypeptide 
called A4 or p amyloid protein ("A^- 

Deposition of fibrillar deposits of A/J a 39/43 residue amyloid, is considered the 
pathological hallmark of AD. Recently, molecular cloning based on the 
sequence of the A^ protein indicated that it is encoded as part of a larger 
precursor (PrBA4) that maps to chromosome 21 (Kang, ef a/.. Nature, 325:733- 
736. 1987; Goldgaher. ef a/. Science, S§:877-880, 1987; Tana, et al., 
Science, ^:880^, 1987: RobaWs, ef a/.. Proc. Natl. Acad. ScL M:4i90- 
4194, 1987). There are three major alternatively spliced products of the 
amyloid mRNA (Ponte. et al.. Nature, ^525-527. 1988.; Tanzi. ef al.. Nature. 
321:528-530, 1988: Wtaguchl, ef a/.. Nature. 331:530-532. 1988). The smallest 
of these products, the 695H-esidue precursor protein [PreM^, has been 
synthesized in vitro and shown to be a N-glycan membrane protein that spans 
the npid bBayer once (Dyrks. et al., EMBO J.. 2:949-957, 1988). Two other 
fonns of PreA4 (PreA4 751 and PreA4 770) contain a 56 residue Insert which 
has a protease^nhlbitory function. The amyloldogenic A4 protein is derived In 
part from the transmembrane domain and from part of the adjacent 
extracellular domain. A precursor-product relationship has been demonstrated. 

The A4 gene is expressed in brain and peripheral tissues, such as muscle and 
epithefial cells (Goeder. EMBO J.. 6:3627-3632. 1987; Bahmanyar. ef al.. 
Science, ^J7-9&, 1987; Zimmennan. ef a/.. EMBO J.. Z:1365-1370, 1988: 
Shivers, ef al.. EMBO J., 7:1365-1370. 1988), yet for reasons still unknown, the 
amyloid deposits in AD are confined to the brain. 
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Recently, in situ hybridization analyses were published that indicate an 
alteration of the amount of PreA4 mRNA in brains of AD patients when 
compared to nonnal indivictials (Higgins. ef ad.. Pmc. Natl Acad. Sci. USA, 
K:1297-1301. 1988; Cohen, ef al.. Science, ^:77-88. 1987; Ijewis, ef al., 
5 Pmc. Natl Acad. Sci. USA, fi§:1691-ie9, 1988). These results implicate a role 
for gene regulation in AD. 

In addition to Afi, heparan sufette proteo^can^ ferritin, nnmunogloburRis. and 
many acute phase proteins such as o-l antichymotrypsin, apolpoprotein E. 
complements, semm amybid P. and trace peptides have been reported to be 
10 associated with amyloid. However, supportive biochemical data demonstrating 
the presence of these proteins In amyldd preparations from the brains of 
Aizhetmer's victims are not yet available, raising the possibility that these may 
not be intrinsic components of amytoid. 

AH forms of amytoid In amytoid deposits, including the A^. show a significant 
15 /8-pleated sheet component (Snow, A.D.. ef al., 1987). Yet the precursor of 

amyloid A^ protein is soluble and does not exWbit a significant ^pleated sheet 

component Recent studies of C. Haass, ef el.. Nature. 3^:322-325, (1992); 

P. Seubert. ef al.. Nature. 3^:325^ (1992); M. Shofi. ef al.. Science. 

^:1 26-1 29 (1992), have demonstrated that is generated and secreted 
20 from various types of cells under physlotoglcal conditions. Implying that A^ is 

soluble in aqueous solutions. 
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The physfological process responsible for changing the stnjcture of the 
precursor protein is the subject of much enquiry. Recently a study by Roses, 
etal., demonstrates that apolipoprotein E binds Ap (Pmc. Natl. Acad. ScL USA, 
gQ:1977-1981. 1993). Thus, apolipoprotein E may act as a molecular 
chaperone that mediates the pealed amyloid formation of as suggested 
by T. WIsniewski. ef at. [NeuroscL Lett.. 135:235-238. 1992). 

New and further information concerning the molecular biology involved In 
formation of amyloid deposits such as those found In Alzheimer's disease 
awaits discovery of additional intrinsic constituents associated with amyloid in 
the brains of those affected with Alzheimer's disease. On a physiological basis, 
recent studies have shown that amyloid deposition might be the result of 
abenwit processing of APP. and its abundance is an important parameter to 
consider in diagnosing the disease on a neuropathotogica! basis. In additton. 
the cognitive dysfunction that characterizes AD is apparently attributable to 
synaptic loss (Teny. ef a/.. Ann.Neurol., 30:572-580 (1993); Mattson, ef al., 
TINS, 16:409-414 (1993)). Recent studies strongly suggetsthat there is a 
connection between the abnomnal processing of synaptic proteins and amyloid 
fomiation (Masliah. ef a/.. B/a/n Paff).. 3:77-85 (1993)). 

t 

However, despite the knowledge that AD is related to neuritte plaques and 
synaptic loss, diagnosis of the disease is difficult Currently, the only way of 
confirming the presence of these lesions in a living patient is by brain biopsy. 
However, this technique is rarely utifized because of the substantial risks to the 
patient involved in perfonning it. As a result. AD is usually diagnosed on the 
basis of clinical symptoms and the results of neuropsychological tests. 
Nonetheless, because AD can be mimicked by other disorders (such as 
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depression), confirmation of an AD diagnosis often cannot be condusively 
made until autopsy. 

Several methods for in vivo diagnosis of AD have bewi proposed but have not 
yet yielded definitive results. One such approach attempts to detect amykrid 

5 and/or the precursor protein for ft (APP) In blood and cerebrospinal fluid. 
Tliese measurements have not. hovirever. been shovwi to positively correlate to 
the development of neurftic plaques in AD. Another approach involves 
detection of a mutated fbrnn of the gene for the amyloid precursor protein. 
While the presence of this genetic alteration appears to be more predictive of 

10 AD than does circulating levels of amyloid and APP, the mutated gene Is only 
found in some famifial cases of AD. As a result, presence of the mutated gene 
vwjuld correlate to the onset of AD in less than 1% of aU potential AD cases. 

In vivo diagnosis of AD is further limited by the blood/brain barrier. Because 
of the barrier, detection of amytoid deposits by binding assays (and evaluation 
1 5 of synaptic loss associated with dementia) has tjeen limited to autopsy studies 
(see. e.g.. MasBah, etal.. Am. J. Pathol., 132:1293-1297. 1990 [quantitation of 
synapse loss m brain tissue section through use of labelled anti-synaplophysin 
antibodies]). 

Further, the blood/brain banier has also prevented (to date) the effective use 
of antibodies for in vivo diagnosis and therapy of AD. Thus, a promising in 
vitro use of a monoclonal antibody 1 0H3 virtiich targets amyloid deposits (Maj- 
ocha. ef al. J. Nucl. Med., 32:2184-2189) has not yet been extended to an in 
vivo appHcation. Due to the size of antibodies like 10H3, there is some doubt 
whether they can successfully and Innocuously cross the blood/br^n barrier. 



20 
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dearly, a need exists for a noninvasive method for in vivo detection of amyloid 
deposits in brain tissue of patients wlio are suspected of having AD. In 
combination with present techniques for clinical diagnosis of AD. such a 
technique would be useful in confimiing a diagnosis of. and evaluating the 
5 prognosis for. the cfisease. 
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SUMMAfly OF THE INVENtlON 

Novel peptides obtained by purification and analysis of the amino add 
sequences in an amyloid preparation of brain tissue obtained from patierits wrtth 
symptoms of Alzheimer's disease liave tjeen shown to t>e fragments of a novel 
S amyloid component CNAC?0. Antftwdies were raised aganst synthetically 
: produced fragments of these novel peptides and used in immunohistochemical 
and electron mla-oscopic analyses demonstrating that the peptides are 
localized in amyloid fibrils in AD brain tissue and are amyloidogenic. 

Complementary DMA ("cDNA") encoding a 140 amino add protein identified as 
10 the precursor fNACPO of MAC Is provided. NACP Is a highly afcwndant 
synaptic protein, which degrades to fbmn MAC. MAC is seif-aggregafing; i.e., 
it has a significant ability to bind to itself and become part of amyloid fibrils and 
neuritic plaque. The invention therefore provides NAC and NACP peptides 
useful as ligands to identic and quantify syanpses and plaques toward 
1 5 diagnosis and monitoring of diseases assodated with synaptic loss and neuritic 
plaque fomnation. such as AD. The invention also provides metfwds for 
treatment of such diseases. 

In particular, in the prefened diagnostic embodiment of tiie invention, a 
\ detedably labelled NAC/NACP peptide which will specifically bind NAC 
20 ) deposits in brain tissue, is administered parenterally to a mammal (preferably 
/ a human). Binding of tiie administered peptide to NAC/NACP in brain tissue 
I is detected using suitable /n v/vo diagnostic imaging techniques. Most 
/ preferably, tiiis detection will be by positron emission tomography (PET) or 
/ single photon emission computed tomography (SPECT). 
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In another aspect of the Invention, the binding data generated as descriljed 
above is evaluated vwth any clinical signs of a neuropsychological disorder to 
assist in confinnation or refutation of an initial diagnosis of AD. To the extent 
that the binding data reveals the extent of amyloid deposition, the data may 
also be used to evaluate the prognosis for a patient width a confimied diagnosis 
of AD. Thus, the diagnostic method of the Invention win provide physicians 
with valuable infomnation concerning the medical status of a patient who is 
suspected of suffering from AD. 

In another aspect of the invention, the binding data described above is 
evaluated with the results of tests for synapse loss In brain tissue to assist in 
confinnation of an AD diagnosis and to evaluate the prognosis for the patient 
Data evidencing a relationship between amyloid deposWon and synapse loss 
In AD brain tissue wBI also Ije of use in research toward understanding the 
etiology of AD. 

In another aspect of the Invention, labelled NAC/NACP peptides are utilized in 
in vitro studies of amyloid deposition In sections of brain tissue for use In 
confinning an AD diagnosis and/or for research purposes. For example, in 
vitro (and in vhm) use of detectably labelled NAC/NACP peptides may be used 
• to evaluate agents to inHblt NAC fomiation, binding and deposition. 
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BRIEF DESCRiP TIOM OF THE DRAWINGS 

Figure 1 A showws Immunohislochemical staining with anti-NAC antibodies of 
amyloid in diffuse, primitive, and mature plaques on slides of brain sections 
frcMTi patients wwHh symptoms of Alzheimer's disease. In Panel A hippocampal 

5 sections were stained with artl-NAC antibody, antl-X1. In Panel B, In addition 
to amyloid staining, occasional staining of dystrophic neurites (arrows) was 
delected with a anti-NAC antibody, anti-Y. Absorption with the conespondlng 
peptide eliminated the staining. Pariel C shows absence of 
Immunohlstochemlcal staining by antl-eera to f^C on sfides of AD brain 

10 sections when pre-absorbed with MAC peptides. Panel D shows an electron 
micrograph of specific staining by antl-XI antibody on amyloid fibrils (arrows) 
in AD brain sections. Amyidd fBarlb were also stained with anH-Y antilMdy. 

Figure 2 A shows the nucleotide sequence of cDNA encoding the precursor 
of the NAC protein and the 140 amino add sequence of ttie I^C precursor 

15 protein encoded by a 420 bp open reacfing frame with the X and Y fragments 
located contiguously in the middle of ttie precursor. The nearest wvframe stop 
codon (TAA) i^jstream to the putative initiation mettilonlne codon is marked lay 
anasterislc The temiination codon Is marked by two asterisks. Sequence for 
X and Y peptides are boxed. Syrthetic oligonucleotide mixtures used for PGR 

20 are Indicated as lines above the corresponcBngcDMA Polyadenylation signals 
are underlined. 

Figure 2 B is a graph showing the hydropathy profile of the islAC precursor 
protein witii the NAC region being the most hydrophobic. 
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Rgure 3 is a Western blot of brain homogenate wJth anU-NAC polyclonal 
antibody ant!-X1. MAC precursor protein in lane 4 is delected as a M, 19K 
protein. The baclsrially expressed NAC precursor protein expressed In £ coli 
transfected with pSENACP migrated in lanes 2 and 5. Lanes 1 and 6 contain 
5 £.coff transfected with pSE380 vector control; and lanes 3 and 4 show nomial 

human brain, ijanes marked with (+) indicate XI antibody was preabsorbed 
with XI peptide; while those marked (-) indicated XI antibody was 
preabsorbed with a control peptkte. The arrow indicates NACP detected as 
a M, 19K protein whose staining was blocked by preabsorpBon of the antibody 
10 with XI peptide, thus showing spedlicity of the antibody. 

Rgure 4 A is a sequence listing of seven repeated sequence motifs in the NAC 
precursor amino add sequence. 

Rgure 4 B is a sequence listing showing homology in the NAC precursor 
amino add sequence at amino adds 48-56 and 70-78. Bold letters indicate the 
15 common amino adds among the repeat 

Rgure 4 C is a comparison of the cDNA Dstings of EST01420 (EMBUGenBank 
Libraries) and the NAC precursor showing homology therebetween at the N- 
terminal region of NAC. 

Rgure 5 is a Northern Biot of mRIMA for NACP. Lane 1 shows nomial adult 
20 midfrontal cortex (female, aged 88); lane 2 shows cerebellum firom the same 
indivWual as lane 1 ; lane 3 shows fetal whole brain (female. 24 vwek fetus); 
Jane 4 shows midfrontal cortex from individual with AD (female, aged 83); lane 
5 shows cerebellum from the same individual as Lane 4; lane 6 shows nomial 
adult liver (male, aged 18); lane 7 shows nomial ch«d lung (male, aged 7). 
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Figure 6 A depicts self-aggregation of r4AC peptide at various times and 
peptide concentrations (10-300 pM) as measured by turbidity at OD 400 nm. 
TTie NAC aggregation was studied in PBS (pH 7.4) solution at 37'C. 

5 Figure 6 B depicts setf-aggregation of NAC peptide (concentration. 300 /iM) at 
various times and temperatures (4', 22'. and 37*C) as measured by turt3idrty 
at OD 400 nm. The NAC aggregation was studied in PBS (pH 7.4) solution. 

Figure 7 is a Western blot analysis of NAC peptide aggregation. A NAC 
peptide monomer migrated at an apparent molecular mass of the 3500 Da 
10 The signal intensity of 3500 Da barKi wa^ signtRcantiy deCTeeeed on Days 5 
and 7, On tiie other hand, aggregated NAC peptide was found at the top of 
the gel. This signal increased to a maximum try Day 3. No intenmediate-size 
bands were ot>served. 

Figures 8A and B show birefringence of Congo red-stsuned NAC peptide 
15 viewed by cross-polari2ation microscopy. Bright-field (A) and cross-polarized 
light (B) pictures of NAC peptide preparation stained wiMi Congo red are 
shown. 

Figure 9 is an electron rrticrograph of aggregated NAC peptide. 

Rgures 10 A ttirough D show (bo4h macro- and microscopically) 
20 immunostalning of NACP in rat brain using anti-NACP(131-140) witii 
streptavidin-biotin-peroxidaso (SAB) meUiod. In RGURE 10 A is a macroscopic 
Image of stained sagittal brain section showing that NACP Immunoreactivity 
was relatively strong in the neocortex, olfactory region, caudoputamen, 
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hippocampus, and cerebeflar c»rtBx c»mparecl to the thalamus and brain stem. 
Higher magnificalion microscopic analysis showed a characteristic granular 
Immunoreactlvitythroughoutthebraia In FIGURE 10 Bis a microscopic image 
of stained cerebellar cortex. In FIGURE 10 C is a microscopic Image of stained 
5 Wppocampal dentate gyms. In HGURE 10 D Is a microscopic Image of 
stained cerebral cortex. 

Figures 11 A through I are photographs obtained by laser scanning conlbcal 
microscopy of sections doubWabeled for SY38 (mouse monoclonal anti- 
synaptophysln antibody: labeled with FITC and shown by bright patches in 

10 panels A. D and G) and NACP(131-140/SEQ.ID.No.6; shown by bright patches 
In panels B. E and H). The right hand panels (C. F and I) con^espond to the 
electronically merged Image; colocallzation of NACP with synaplophysin Is 
Indicated by bright patches. Panels A-C are derived from staining of neocortex 
tissue; panels D-F are derived from staining of glomeruli of the olfactory bulb; 

15 and. panels G-l are derived from staining of the cerebellar cortex. The scale 
bar (a horizontal virtilte line across the lower right hand comer of pianel A) is 
ecpjal to 15 pm. 

Rgure 12 is a bar graph developed by computer-aided quantification of 
colocallzation of NACP with synaptophysin in the presynaptic temninals of rat 
20 brain tissue. In the cortical regions a large percentage of the synpatophysln- 
immunoreactlve terminals contained NACP. In contrast, in subcortical regions, 
a lower proportion of the synapatophysin-immunoalabeled axosdmatic nen« 
terminals ccxitained NACT. 
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Rgure 13 is a photograph obtained tsy immunoelectron microscopy which 
reveals the synaptic vesicle memt>rane localization of NACP. Vitiratonfie 
sections were immunostadned vwth anll-NACP(131-140) and analyzed l>y 
electron microscopy. 

5 Figure 14 is a Western blot quantifying NACP, APP, and synaplophysin in rat 
brain sections. Imimunostaining of NACP, APP. and synaptophysin bands was 
carried out using artFWACP(1 31 -1 40). mouse monoctanal antibody, 2201 1 . and 
mouse monoclonal antibody, SY3B, respectively. Signal intensity viras quantified 
by scanning by a densitometer. Each value is shown as relative amount of 

10 protein normalized to the value in frontal cortex. NACP is highly concentrated 
in oifaciory bvSb, frontal cortex, striatum, and hppocampus , whereas APP and 
synaptophysin are distributed uniformly throughout the tvain. 

Figure 15 A-B shows, in bar graph form, the number of NACP containing and 
synaptoph^n containir^ synaptic tenranals present per 100 sq/^m of human 
15 frontal cortex brain tissue. 

Rgure 15 C-D shows, in bar graph fbmi, tiie pixel intensity detected per 
synapse of human frontal cortex brain tissue indicative of tiie average quantities 
of NACP and synaptophysin contamed in each synapse. The solW bars are 
incficative of the values obtEuned in brsun tissue from persons without AD; the 
20 slashed tsars are indicative of the values obtsnned in tirain tissue from persons 
suffering from AD. 
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Ffeure 16 shou^ immunolabding of NACP and synaptophysin in human bran 
tissue ot>tained from a heaittiy person (upp^ panels) and from a person 
suffering from AD (middle panels). The left and right images from the middle 
panel are electronically merged in the lower panel. Areas showing the 
5 brightest in the lower panel Indicate colocalization of NACP and synaptophysin. 

Figure 17 shows immunolabeling of NACP and synaptophysin in mature 
plaques (the 2 upper left hand panels) and in diffuse plaques (the 2 upper 
right hand panels). The left and right images from the upper panels are 
electronically merged In the lower panel. Areas showing the brightest In the 
10 lower panel indicate colocafization of NACP and synaptophysin. 

F^ure 18 shows immunolabeling of ^-amyloid (left hand panels) and NAC 
(right hand panels, with residts electronically superimposed on the left hand 
panels) in brain tissue from healthy, elderiy persons (panels A and B), from 
persons suffering from the eariy stages of AD (panels C and D), and from 
15 persons suffering from advanced stages of AD. 
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DETAILED DESCRIPTIQ *! <?P THE IMVENTIQN 

A. FUNCTIONAL AMD fSTRUCTURA I nHARACTERISTtCS OF NAC ANP 
NACP. 

The present frwention provides a novel amyioid component (NAC). As used 
5 herein "NAC" shall mean Non-A^ component of AD amyloid. "A^ as used 
herein shall mean fibrillar deposits of the A4 protein, a 39/43 residue amyloid. 
W as used herein shall mean Alzheimer's Disease. 'tslAC assodaled amyloid 
disorder" shall refer to diseases associated with the excessive fonnatlon of 
amyloid In brain tissue, concommitant synaptic loss, and related cognitive 
10 dysfunction. This novel component of amyloid was discovered by analysis of 
the entire anino-add sequences in an amyloid preparation of the frontal cortex 
of patients with typical neuropathologlcal features of Alzheimer's disease (AD) 
using meHiods of purification in SDS and sequencing well known in the art 
Hence. NAC is the secwid intrinsic component after A^ to be found in AD 
15 amyldd. 

NAC. which is expressed as a larger precursor polypeptide NACP. vras found 
by both biochemical and inwnmohistochemical evidence to be an intrinsic 
component of amyloid in AD brain tissue. Copurification of NAC with amyloid 
in the presence of SDS and Immunological locaBzation on amyloid fibrils at the 
20 electron microscopic level shows that NAC is localized in neuritic plaques and 
amyloid fibrils. 
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As shown in FIGURE Z NACP is encoded by a 1580 base pair polynucleotide 
(SEQ. I.D. NO. 1) with a 420 bp open reading frame which encodes a 140 
amino add polypeptide NACP (SEQ. I.D. NO. 2) that Is the precursor of NAC, 
a polypeptide of at least 35 amino adds in length (SEQ. LD. NO. 3). In wvo. 

5 NACP is recovered in the cytosolic fraction of human bran homogenate as a 
protein with an apparent molecular mass of 19,000 Da. NACP has seven 
repeated KTKEGV amino add motifs, but no signal petide sequence nor N- 
Bnked glydosylatlon sites. NAC Is located In the most hydrophobic portion of 
NACP. NAC is at least 35 amino adds and has a molecular wel^ of 

10 approximately Mr 3.500. Within NAC. two new amyloid sequences have been 
identified and known herein as the "X and Y peptides", which are encoded 
oonlj^u^ in the most hydrophobic domain (SEQ. LD. NOS. 4 and 5, 
respectively). The definite length of NAC was not detemiined due to the use 
of en^matic digestion In its preparation. 

15 The association of NAC in amyidd deposits in AD brain tissue differs from that 
of both JKp and a1-antichlmotrypsin (ATC). two proteins generally used as 
indicators of the presence of amyloid in Abhdmer's Disease. Recent work has 
shown that 50% of IntraceDular neurofibrillary tangles (NFT) and 100% of 
extracellular NFT contain A^ (G. Perry, et al.. Am. J. Pathol., 14Q:283-290. 

20 1992). Immunohistochemical studies of the distribution of NAC in AD brain 
tissue (See Example 2 herein) found that NAC was not present in NFTs. 

The assodation of NAC with amyloid in the brains of patients with the 
symptoms of Alzheimer's Disease (AD) is high. Although ATC has been 
reported to be locedized on amyloid fibrils in brain tissue at the electron 
25 microscopic level (C. R Abraham, et al.. Cell. §2:487-501 . 1088), biochemical 
analysis of amytold AD brain tissue prepared and analyzed as In Examples 1-3 
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below, revealed no ATC. This result suggests that the amount of ATC In 
amytoid may be too small to detect in the present preparation, or, alternatively, 
that the assodatlpn of ATC with amyloid may be less significant than that of 
NAG and. therefore, ATC may be lost during preparation of amyloid used 
5 her^n. 

Thus, as an indicator of the deposition of amyloid in brain tissue, NAC Is both 
more specific to neuridc plaque and amyloid fibrils than ATC and less likely to 
be tost in preparation of tissues to be tested than ATC. 

NAC is strongly hydrophobic and has characteristics associated with a 
10 tendency to fbmi a /9-pteated secondary protein staicture. When synthesbed 
chemically. NAC aggregates and precipitates easily m aqueous solution In a 
time, concentration and temperature-dependent manner. More partlcularty. 
synthetic NAC vuas detected Initially as a monomer of 3500 Da. but became 
aggregated in aqeuous sdutfon Into a higher molecular weight molecule that 
15 could not migrate into an electrophoretic gel. On CcMigo red staining, the NAC 
aggregate showed green-gold bireWngence when viewed with a poloarized 
fight microscope and had a fiber-like structure when viewed through an 
electron microscope. 

Based on the relative yield of peptides X. Y and A^ sequences in amyloW 
20 preparations, the concentration of NAC in amytoid seems to be less than ten 
percent that of A^. Further, double-immunostaining of NAC with ^-amytoid 
antibodies revealed that NAC Is more abundant in mature than in diffuse 
plaques. Interestingly, difiuse plaques from "nomiaP control tissue do not react 
with anti-NAC. whereas early and advanced AD cases cotaining large numbers 
25 of diffuse and/or at least some mature plaques display relatively strong antl- 
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MAC reactivrty fin approximatBly 30-50% of the plaques) fegg, FIGURE 18), 
These data suggest that (1) there is a connection between metabolism of 
presynatpic proteins and plaque formation, and (2) NAC follows diffuse 
amyloid accumulation into mature plaques. 

5 In contrast, it does not appear that fslACP is substantially present, if at ail, In 
amyloid. For example, no other sequences of NACP besides the X and Y 
peptides were detected in the peaks eluted from HPLC analysis of the NACP 
protein. Further, while NAC was identlfed In Immunostalned amyloid on 
Western or dot blot, NACP was not Ttius. it appears that NAC can form 

10 amyloid in vivo after cleavage from Its precursor (NACP) and is likely to play 
a substantial role in amyloidosis. However, because the amyloid found in the 
brain tissue of humans with confirmed diagnoses of AD differs in structure from 
NAC aggregates alone, it is likely that NAC is not the sole component of 
amyloid. Rather, it is most probable that NAC is involved in the initial stages 

15 of amyloid formation, leaving the principal development of amyloidosis to the 
accumulation of )9-amyloid. 

It should be appreciated, however, that observations have Ijeen made that 
proteins that bind to )5-8myloid retard lis acc^Mutaiil^ (see , e.g.. Stritlmatter. 
et at.. Proc.NatlAcad.ScL USA, 90:8098-8102 (1993); Fraser, ef al./ 
20 J.Neurochem., 61 :298-305 (1993): and. Schwarzman, ef a/., AnnMYAcad.Sci.. 
6:139-143 (1993)). Thus, with the knowledge of NAC*s role In amyloidosis set 
forth herein, it can be reasonably expected that bindirig of NAC by NAC 
polypeptides will retard its accumulation as yM, thereby slowing the 
progression of disease assodated with amyloid plaque formatiori. 
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with respect to NACP, Immwiostaining indicates that it, IBce the APP precursor 
of /?-annyloid, is a presynaptic protein, SpedRcally, using the streptavldin-biotin- 
peroxidase staining method, rat brsun sections were immunostained by an 
antibody raised to the NACP amino add sequence from posffion 131-140 (see, 
5 SEQ.ID.No2) and position 1-9 (r</.)- Throughout the various cortical and 
subcortical areas of the rat brain. anli-NACP (131-140) and (1-9) 
immunostained the neuropil in a characteristic punctate pattern. Neuronal cell 
bodies, glial cells and blood vessels were not immunostained. 

NACP does not have a signal sequence, which suggests that NACP proteins 
10 renriain localized in neuronal cytoplasm where NACP is expressed. However, 
it has been discovered that NAC can seep out of cells under certain conditions, 
such as serum deprivation. Further, as shown In FIGURE 4A, the NACP 
protein is characterized t>y repetith« motffe. The KTl^GV motif fe repeated 
seven times, but the amino add positions 2 to 6 are sometimes sut^stituted. 
1 5 In addition, as shown in FIGURE 4B, amino adds 48-56 and 70-7B of the NACP 
f»otein are homologous. These repeated motifs can prove useful in 
determining the secondary and tertiary protein strndure as well as the 
biologk::al function and metabolism of this protein. 

For instance. In accordance with the teachings of P. J. KenneOy, et al. i^. BioL 
20 Chem., 2§e:15555-15558, 1991). the tiireonine residues in the KTKEGV motif 
would offer favorable targets for protein kinase C (PKC). The action of this 
enzyme is known to be critical in determining the functional state of neurons 
(Y. Nishizuka, Natum. ^:661-665, 1988). 

In addition, laser scanning confocal microscopic analysis of sections double 
25 immunolabeled with antibodies against NACP and synaptophysin (a synaptic 
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vesicle protein; see. e.g.. Masliah. et al.. J.NeumscL. 11:2759-2767 (1991)) 
shovwed that both markers colocaBzed In the great majority of the presynaptic 
temilnals. and that NACP is colocalized with synaptophysin in approximalBly 
80% of the presynaptic txjutons and in the neurltic component of pteque 

5 (FIGURES 11 through 17). Ultrastructural analysis of sections immunolabeled 
with NACP oonflnned the synpatic localization of this protlen and showwwd that 
NACP was associated with the synaptic vesicles (FIGURE 13). As compared 
to synaptophysin and APP (which are distributed fairly evenly throughout the 
brain), NACP was concentrated in the telecephalon. suggesting a functional 

1 0 role for NACP In that region of the brain (RGURE 1 4). 

As shown In FIGURE 3, NACP Is detected In the cytosoRc fraction of brain 
homogenates and comigralBS on Western Wots with NACP synthesized In E. 
coll from NACP cDNA. NACP was not detected in a particulate fraction from 
human cortex or from NACP^ressIng E. CO//. NACP mRNA is expressed 
15 principally In the brain, but l9 also expressed in low concentration in all tissues 
examined except in liver, suggesting that it has ubiquitous functions as well as 
brain specific functions. 

Interestingly. In AD brain, the total population of NACP-containing presynaptic 
tenninals Is signlficantty diminished (by 3(M0% see. FIGURE 15) as compared 
20 to "nomiaP brain tissue; Le., brain tissue without a diagnostically significant 
quantity of plaque (defined further below). At the same time, although tiie 
total population of such tenninals is decreased In the AD brain, ttie 
concentration of NACP in each remaining presynaptic boulon. Indicating a 
mechanism to compensate for the overall level of NACP-expressing tenninals. 

25 
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As further evidence of NACP as a synaptic protein, search of the 
EMBUQenBank DMA sequence databases reveals homologies bebween NACP 
and rat brain synudelns. the eleclric organ synpase of Torpedo caiifomica 
(Pacific electric ray) and to bovine phosphoneuroprotein 14, a brain specific 
5 protein present In synapses around neurons but not In glial cells and Puiidnje 
ceU bodies. This group of smafl, addle, brain-specific proteins have common 
repetitive sequence motifs and similar hydrophobic profites feee. Maroteaux. 
etaA, MoLBrain Res., 11:33&^ (1991); IWIaroteaux, etal.. J.Neumsci., 8:2804- 
2815 (1988): and. Nakajo. ef a/., EurJ.Biochem., 217:1057-1063 (1993)). 

10 in addition, according to the GenBank database, homology exists between 
NACP and EST01 420, a human 223 bp sequence recently Identified by random 
sequencing of human brain cDNA (M. D. Adams, et el., Nature. ^:e32-e34. 
199^. Comparison of the sequence of these proteins expressed in the human 
brain, as shovwn in FIGURE 4C, indicates the tvwo proteins are substantially 

15 homologous m the l^4ennlnal region, but the EST01420 sequence has the 
ternimation codon at base pair position 206. and. therefore. couW encode only 
51 anvno adds. 

NACP therefore appears to be a member of a family of synaplk; proteins 
having hydrophobic regions centered in an othenwise hydrophillc molecule. 
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B. NAC/NACP POLY MLJni FnTIDES AND POLYPEPTIDES. 

The term "substantially pure" means any MAC or NACP polypeptide of the 
present invention, or any gene encoding a NAC or NACP polypeptide, which 
is essentially free of other polypeptides or genes, respectively, or of other 
5 contaminants with which it might normally be found in nature, and as such 
exists in a form not found in nature. 

As used herein, the temi "functional polypeptide" refers to a polypeptide whidi 
possesses a biological function or activity that is identified through a defined 
functional assay and which is associated yM\ a particular biologic, morphologic 

10 or phenotypic alteration in tiie cell. The biological function can vary from a 
polypeptide fragment as small as an epitope to which an ^body molecule 
can bind to as large as a polypeptide which is capsdDle of partidpating in the 
characteristic induction or programming of phenotypic changes within a cell, 
A "functional pdynudeotide" denotes a polynudeotide which encodes a 

15 functional polypeptide as described herein. 

For example, prefenred NAC/NACP polypeptides of the invention will be tiiose 
which will effectively cross the bloodl/brain bam'er witiiout toxic effecLx NAC 
polypeptides of the invention will spedfically bind NAC in Wvo; the peptides will, 
' ttierefore. have at least one binding site ftif NAC. 

20 Further, tiie NAC/f^CP polypeptides should not be pathogenic or 
immunogenic. To the former end, the peptides are soluble arid, in the case of 
NAC peptides, will reversibly bind NAC, To the latter end, the polypeptides are 
preferably purified from a human or will be syntiiesized. "Synthesized" in tiiis 
context refers to peptides produced through human intervention, whettier by 
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chemical synthesis, recombinant genetic techniques or mocfificalion of an 
isolated native peptide. 

It should t>e noted that NAC/NACP polypeptides used in the method of the 
invention may differ in amino add sequence or structure but sBll retain the 

5 same biological activity as descnl3ed above. Such modifications may be 
deliberateiy made (by, for example, site-directed mutagenesis) or may occur 
spontaneously. In ^er case, the invention mil encompass the use of 
NAC/NACP peptides which have the same ph^otype regardless of cBfferences 
In structure and length between ttie peptides. These phenotypically simlbr 

10 peptides will be considered to "sidDStantially similar" to one anottier. 

On the molecular level, a molecule is said to be "sufcistantially smilar" to 
another moieojle if the sequence of amino adds in both molecules fe 
substantially the sane. Substantially similar amino add molecules w3l posses 
a similar biological activity. Thi^, provided tfiat two molecules poss^ a 

15 simDar aoiivily, they are considered variants as that term is used herein even 
if one of the molecules contains additional antino add residues not found in the 
other, or if the sequence of amino add residues is not identteal. As used 
herein, a molecule is said to be a "chemicrf derivative" of another molecule 
when it contains additional chemical moieties not nomially a part of the 

20 mdecule. Such moieties may improve the molecule's solubility, rf>sorption, 
biological half life, etc. The moieties may alternatively decrease the toxicity of 
ttie molecule, eliminate or attenuate any undesirable side effect of the molecule, 
etc. Moieties capable of mediating such effects are disdosed. for example, in 
Remington's Phamaceuticai Sciences, letti ed., Mack Publishing Co., Easton. 

25 Penn. (1980). 
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Minor modificallons of the MAC primary amino add sequence may result In 
proteins which have substantially equivalent activity as compared to the NAC 
polypeptide described herein. Such modifications may be deliberalB, as by 
site-directed mutagenesis, or may be spontaneous. AH of the polypeptides 
5 produced by these modifications are included herein as long as the biological 
activity of NAC still exists. Further, deletion of one or more amino acids can 
also result in a modification of the stmclure of the resultant molecule without 

significantly altering Its biological activity. This can lead to the development of 
a smaller active molecule which would have broader utility. For example, one 
10 can remove amino or cart30xytern*ial amino acids vtfhich may not be required 

for MAC biological activity. 

The tenn "consenrative variatton" as used herein denotes the replacement of 
an amino add residue by another, biologically simnar residue. Examples of 
conservative variations include the substitution of one hydrophobic residue 

15 such as isdeudne. valine, leudne or methioninelbr another, orthe substitution 
of one polar residue for another, such as the substitution of arginine for lysine, 
glutamic for aspartic adds, or glutamine for asparagine. and the like. The temi 
"conservative variatiorf* also indudes the use of a substituted amino add in 
place of an unsubstituted parent amino add provided that antibodies raised to 

20 the substituted polypeptide also immunoreact with tiie unsubstituted 
polypeptide. 

By "functional derivative" is meant the "fragments." "variants." "analogues." or 
-chemical derivatives" of a mdecule. A -fragment" of a molecule, such as any 
of the DNA sequences of the present invention, indudes any nudeotide subset 
25 of the molecule. A 'Varianf of such molecule refers to a naturally occurring 
molecule substantially similar to efther tiie entire molecule, or a fragment 
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thereof. An "analog" of a moiecuie refers to a non-natural molecule 
sibstantialiy similar to ^ther the entire molecule or a fragment thereof. 

Similarly, a "functional dwivative" of a gene encoding NACP polypeptide of the 
present Invention Includes "fragments", 'Variants", or "analogues" of the gene, 
5 Including degenerate polynucleotides whose sequence may be determined 
readily by one of ordinary skifl in the art. wNdi encode a molecule possessing 
similar activify to a MAC peptide or fragment thereof. 

Thus, as used herein. NAC or mCP polypeptide and NAC or NACP 
polynucleotide, include any functional derivative, fragments, variants, analocpjes, 
10 chemical derivatives which may be sutistantialiy sirralar to tiie NAC 
polypeptides and polynucleotides described fierein and whidi possess similar 
activity. 

Peptides of the invention can lae syntiiesized by the well loiown solid phase 
peptide synttiesis metiiods described Menifield. J. Am. Chem; Soc.. ^:2149. 

15 (1962), and Stewart and Youig, Solid Phase Peptides Synthesis, (Freeman, 
San Francisco, 1969. pp.27-62), using a copoly(styrene-divinylben2ene) 
corttairting 0.1-1.0 mMol svnines/g polymer. On completion of chemical 
synthesis, the peptides can be deprotected and deaved firom ttie polymer by 
treatment wtth liquid HF-10% anisole for about 1/4-1 hours at 0-C. After 

20 evaporation of tfie reagents, the peptides are exbacted from the polymer with 
1% acetic acid solution which is then lyophiGzed to yield the crude material. 
This can normally t^e purified by such techniques as gel filtration on Sephadex 
G-15 using 5% acetic acid as a solvent Lyophilization of appropriate fractions 
of the column will yield the homogeneous peptide or peptide derivatives, which 

25 can then be characterized by such standard techniques as amino add 
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analysis, thin layer chromatography, high perfbrmarHje liquid chromatography, 
ultraviolet absorption spectroscopy, molar rotation, solubility, and quantitaled 
by the sdid phase Edman dagractetion. 

As used herein, the temis "polynudeoHde" or -NACP polynudeolide- denotes 
5 DMA. cDNA and RNA which encode NACP polypeptide as well as untranslalBd 
sequences which flank the stmclural gene encoding NACP. It is understood 
that ail polynucleotides encoding all or a portion of NACP polypeptide of the 
• invention, such as the NAC polypeptide(s) are also included herein, as long as 
the encoded polypeptide exhibits the activity or function of NACP or the tissue 
10 expression pattern characteristic of NACP. Such polynudeotldes include 
naturally occurring fbnns. such as allefic variants, and intentionally manipulated 
fornis. for example, mutagenized polynucleotides, as well as artificially 
synthesized polynucleotides. Such mutagenized pdynudeoBdes can be 
produced, for example, by subjecting NAC or NACP polynucleotide to site- 
15 directed mutagene^. 

As described above, in another embodiment, a polynucleotide of the Invention 
also includes In addition to NACP and/or NAC coding regions, those 
nudeolides which flank the coding region of the NACP structural gene. For 

example, a polynudeotWe of the inventton indudes regulatory nudeolide 
20 sequences and 3' untranslated sequences assodated with the NACP stnidural 
gene. 

The polynudeotide sequence for NACP also indudes antisense sequences. 
The pdynudeotides of the invention also include sequences that are 
degenerate as a result of the genetic code. There are 20 natural amino adds. 
25 most of which are specified by more than one codon. Therefore, as long as 
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the amino add sequence of NACP results in a functional polypeptide (at least, 
in the case of the sense polynucleotide strand), aU degenerate nudeotide 
sequences are Induded In the invention. Where the antisense polynudeoBde 
is concerned, the Invention embraces all antisense polynudeotides capable of 
5 inhibiting production of NACP polypeptide. 

The preferred f^lACP cDNA done of the invention is defined by a sequence of 
1560 basepairs, in accordance wHh the transcript of 1.6 Icb. A minor transcript 
of 3.6 kb is also found. The sequence surrounding the predicted Initiator 
methionine codon (GCCATGG) agrees with the Kozak consensus sequence 

10 according to K. Kbzak (Wode/c Acids Res.. 15:8125-8148. 1987). The nearest 
in^me slop codon Is found 18 bp upstream of the ATG initiation codon. As 
shown In FIGURE 2A, the nudeotide sequences encocBng the X- and Y- 
peptide sequences are locaTized contiguously in the middle of the precursor 
peptide at bp 233 to 337. The preferred MACP cDtMA done is characterized 

15 t>y the lack of a sequence flooding a s^nal peptide and Ijy the lack of N- 
linked glycosylation sites. 

DNA sequences of the invention can be obtained by several methods. For 
example, the DNA can be isolated using hybridization procedures whksh are 
well knovwi in the art. These indude. but are not limited to : 1) hybridization 
20 of prolDes to genomic or cDNA libraries to detect shared nudeotide sequences; 

2) antibody screening of expression libraries to detect shared structural 
features and 3) syntheas by the polymerase chain reaction (PGR). 

Hybridization procedures are useful for the screening of recombinant dones 
by using labeled mixed synthetic ollgonudeotide probes where each probe Is 
25 potentially the complete complement of a specific DNA sequence In the 
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hybridization sample which includes a heterogeneous mixture of denatured 
double-stranded DNA. For such screening, hybridization is preferably 
performed on either single-stranded DNA or denatured double-stranded DNA. 
Hybridization is particularly useful In the detection of cDNA dones derived from 

5 sources where an extremely low amount of mRNA sequences relating to the 
polypeptide of interest are present In other words, by using stringent 
hytMldizalion conditions directed to avoid non-specific binding, it is possible, 
for example, to allow the autoradiographic visuaHzatlon of a specific cDNA 
done by the hybridization of the target DNA to that single probe in the mixture 

10 which is its complete complement (Wallace, ef a/.. Nucleic Acid Research. 
3:879. 1981). 

A NACP containing cDNA library can be screened by Injecting the various 
mRI^ derived from cDNAs into oocytes. aHowing sufiident time for expression 
of the cDNA gene products to occur, and testing for the presence of the 

15 desired cDNA expression product, fbr example, by using antibody specific for 
NACP or the X or Y peptide fragments thereof polypeptide or by usirig probes 
for the repeat motifs and a tissue expression pattern characteristic of NACP. 
Allematively, a cDNA library can be screened indirectly fbr NACP polypeptides 
having at least one epitope using antibodies specific for the polypeptides, such 

20 as X and Y peptides. Such antibodies can be either pOlydonally or 
monodonally derived and used to detect expression product indicative of the 
presence of NACP cDNA. 

Saeening procedures which rely on nudeic add hybridization make it possible 
to isolate any gene sequence from any organism, provided the appropriate 
25 probe is available. Oligonudeotide probes, which correspond to a part of the 
sequence encoding the protein in question, can be synthesized chemically. 
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This reqiires that short, oligopeptide stretches of amino add sequence must 
be known. The DMA sequence encoding the protein can be deduced from the 
genetic code, however, the degeneracy of the code must be taken into 
account It Is pos^le to perform a nraxed addition reactkin when the 
5 sequence Is degenerate. This includes a heterogeneous mixture of denatured 

doidsle-stranded DNA. 

For such screening, hybridization Is preferably performed on ^er single- 
stranded DNA or denatured double-stranded DNA. Hybridizatton is particularly 
useful In the detection of cDNA clones derived from sources where an 

10 actremely low amount of mRNA sequences relating to the polypeptide of 
interest are preserrL In other words, by usfrig stringent hybricfization conditions 
directed to avoid non-spedfic binding, it is possible, for example, to allow the 
autoradiographte visualization of a spedfio cDNA done by the hybricfization of 
the target DNA to that single protie in the mixture wWch is Its complete 

15 complement (Wallace, ef al., Nucl. Add Res.. 3:879. 1981). 

The development of specific DNA sequences encoding NACP, or fragments 
thereof, can also be obtained by: 1) isdation of douWe-stranded DNA 
sequences from the genomic DNA; 2) chemical manufacture of a DNA 
sequence to provide the necessary codons for the polypeptide of interest; and 

20 2) in vitro synthesis of a double-stranded DNA sequence by reverse 
transcription of mRNA isolated from a eukaryotic donor cell. In the latter case, 
a double-stranded DNA complement of mRNA Is eventually formed whfch is 
generaHy referred to as cDNA. Of these three methods for developing specific 
DNA sequences for use in recombinant procedures, the Isdallon of genomfc 

25 DNA isolates Is tiie least common. This Is especially true when it is desirable 
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to obtain ttie mi(7ot)ial expression of mammalian polypeptide due to the 
presence of introns. 

The synthesis of DMA sequences is frequently the method of choice when the 
entire sequence of amino acid residues of ttie desired polypeptide product is 
known. When the entire sequence of anuno add residues of the desired 
polypeptide is not known, the direct synthesis of DMA sequences is not 
possible and the method of choice is the synthesis of cDIMA sequences. 
Among the standard procedures for isolating cDNA sequences of Interest is the 
fbnnation of plasmid- or phage-carrying cDNA libraries which are derived from 
reverse transcription of mRNA which is abundant in donor cells that have a 
hi^ level of genetic expression. VWien used in conU^nalion vwth polymerase 
cfrain reaction technology, even rare expression products can be doned. m 
mose cases where sigrwficant portions of the amino add sequence of the 
polypeptide are known, the production of labeled single or double-stranded 
DNA or RNA probe sequences dupficating a sequence putatively present in the 
target cDNA may be employed in DNA/DNA hybridization procedures which are 
carried out on doned copies of the cDNA wWch have been denatured into a 
single-stranded fbmi (Jay. et a/., Nuol. Acid Res.. 11:2325, 1983). 

A cDNA expression library, such as lambda gtil. can be screened indirectly 
for NACP or MAC peptides having at least one epitope, using antibodies 
specific for NACP or the NAC peptide. Such antibodies can be either 
polydonally or monoclonally derived and used to detect expression product 
incficative of the presence of NACP cDNA. 
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DMA sequences errcoding NACP or NAC can be expressed In vitro by DMA 
transfer into a suitable host cell. "Host cells" are cells In which a vector can be 
propagated and Its DMA expressed. The tenm also includes any progeny of 
the subject host ceB. ft is understood that all progeny may not be Identical to 
5 the parental cell since there may be mutations that occur during replication. 
However, such progeny are included when the term "host cell" Is used. 
Methods of stable transfer. In other words when ttie foreign DMA is 
corrtinuously maintained in the host, are known in the att 

In the present Invention, the NACP or NAC polynucleotide sequences may be 
10 inserted into a recombinant expression vector. The term "recombinant 
expression vector" refers to a piasmid, virus or other vehlde known in thQ art 
that has been manipulated by insertion or incorporation of the NACP genetic 
sequences. Such expression vectors contain a promoter sequence which 
facilitates the efficient transcription of the Inserted genetic sequence of the host 
1 5 The expression vector typicsdty contains an origin of repltoatton, a promoter, as 
well as spedfic genes which aDow phenotypic selectton of the transformed 
cells. Vectors suitable for in the present inverrtion include, but are not 
limited to the T7-based expresston vector for expresston In bact^ 
(Rosenberg, a/.. Gene. ^:125, 1987). the pMSXND expression vector for 
20 expression in mammalian cells (Lee and Nathans, J. BioL Chem.^ ^g:3ffi1, 
1988) aruJ baculovirus-derived vectors for expresaon In insect cells. The DNA 
segment can be present in the vector op^ably linked to regulatory elemente, 
for example, a promoter {e.g., T7, metallothlonein I. or pdyhedrin promoters 
and enhancer). 
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Polynucleotide sequences encoding NACP or NAC peptides can be expressed 
In either prokaryotes or eukaiyotes. Hosts can include microbial, yeast, insect 
and mammalian organisms. Methods of expressing DNA sequences having 
eukaryoBc or viral sequences in prokaryotes are well known m the art 
5 Blotogically functional viral and plasmid DNA vectors capable of expression and 
replfeation in a host are known in the art Such vectors are used to incorpo- 
rate DNA sequences of the inventkm. 

Transfbmiatton of a host cell with recombinant DNA may be carried out by 
conventional techniques as are weH known to those skilled In the art. Where 

10 the host is prokaryotic. such as £ coft. competent cells which are capable of 
DNA uptake can be prepared from cells harvested after exponential growth 
phase and subsequently treated by the CaCIa method by procedures weH 
known m the art. Altemativeiy. MgClg or RbCI can be used. Transfbnnation 
can also be performed after fbnnlng a protoplast of the host cell or by 

15 electroporatton. 

When the host is a eukaryote. such methods of transfection of DNA as cateium 
phosphate co-precipitates, conventional mechanical procedures such as 
microinjection, electroporation, insertton of a plasmid encased in nposomes, or 
vims vectors may be used. Eukaryotic cells can also be cotranslbnned with 

20 DNA sequences encoding tiie NACP or NAC proteins of the Inventton. and a 
second foreign DNA molecule encoding a selectable phenotype, such as the 
herpes simplex thymkline kinase gene. Another method is to use a eukaryotic 
viral vector, such as simian vinjs 40 (SV40) or bovine papilloma vims, to 
translenfly infect or transfbmi eukaryotic ceHs and express the protela 

25 (EukatyaSc Viral Vectors. Cold Spring Harbor Laboratory. Gluzman ed.. 198^. 
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Isoiation and purification of microblally expressed polypeptide, or fragments 
thereof, provided by the invention, may be canied out by conventional means 
induding preparative chromatography and Immunological separations involving 
monoclonal or polyclonal antibodies. 

5 One skilled In the art will also be able to create a living mouse model for 
expressing the NACP gene In a living transgenic mouse. Methods of making 
a transgenic mouse expressing a foreign gene utilize several techniques for 
inserting the foreign gene Into the germline of the animal at an early 
developmental stage, such as at the single-cell level. For instance, the 

10 transgene can be inserted into a mouse oocyte, vtrtiich is then impianted into 
mouse for birth of a transgenk: animal. See U. S. Patent No. 4,873,191. 
"Genetic Transfomialon of Zygotes." which is incorporated herein In Its entirety. 
Similarly, pluripotent embroyo-derived stem (ES) cells, can be modified exlra- 
corporeally by insertion of a doned gene to transfer a modification to the gemi 

15 line of a living organism. 

Homotogous recombination has also been used for targeting genetto mutations 
to a predetemiined genetic kxais of an ES cell in order to produce a 
transgenic animal (Mansour. etai.. Nature, 326:348. 1988; CapeccW. M.. Trends 
GeneL. 5:70. 1989). Homologous recombination between DMA sequences 

20 residing in the chromosome and newly introduced cloned DMA sequences 
allows the transfer of any modification to the doned gene into the genome of 
a living cell. Several site-specific recombination systems are known (Craig. 
Ann. Rev. GeneL. ^.77, 1988) Induding the FLP system of yeast and the Cre 
system of bacteriophage PI. The FLP recombinase of the yeast 

25 saccharomyces cerevisiae acts on copies of a recombination target called 
FRTs. The FLP system has been shown to effect slte-spedflc recombination 
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in the Dmsophma genome in vivo (Golic, ef al.. Cell, ^.499, 1989. Gdic, K.. 
Science. 252:i958, 1991) and In eukaryotic cells in vitro (O'Gorman. ef al.. 
Science, ^:1351. 1991). 

A novel approach to effecting specific homologous recombination events In 
5 eukaryotes Is the prokaryolicCreJoxP site-specific DNArBcomt>lnationsy^ 

of coliphage P1 . The 38 kD Cre protein efficiently causes both inter- and Intra- 
molecular recombination between specific 34 base pair repeats termed loxP 
(Sternberg, et al., J. MoL Biol.. 15Q:467. 1981). Each loxP site contains two 
13 base pair inverted repeats and an 8 base pair asymmetric core sequence. 
10 No accessory proteins are required for exchange to occur. CMrect repeats of 
loxP dictate an excision of inten«nlng sequences while inverted repeats specify 
invereion. Cre has been shown to be functional In eukaryotic cells (Sauer. ef 
al.. Nucleic Acids Res.. 21:147. 1989) and In transgenic plants (Dale, ef al.. 
Ptoc. Naa. Acad. Sd. USA, 28:10558. 1991). 

15 These and other types of 'q6t)0 targeting" provide a means for oontfolling the 
site of integration (Smithies, ef al.. Nature. 312:230. 1985). For homotogous 
recombination to occur between two DNA molecules, the molecules must 
possess a region of sequence kJentity with respect to one another, typically 
several hundred base pairs in length. TWs method requires that the gene of 

20 interest must have been previously cloned, and the intron-exon boundaries 
detemiined. as is the case herein. Targeted insertfon increases the probability 
that an Inserted gene will function as desired. It also reduces the chance of 
random insertion activating a quiescent oncogene or inactivating a cancer 
supressor gene. 
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U. S. Patent Nos. 5.175.383. 5.175.381 and 5.175.385. which are incorporated 
herein by reference In their entirely, illustrate ufflization of these methods of 
targeted insertion to either conect or mutate a desired chromosomal locus, 
thereby creating a transgenic animal. U.S. Patent No. 5,1 75.383 discloses the 

5 method of making a transgenic nriouse model for the human disease benign 
prostatic hypertrophy. To create the Han«urd mouse the lnt-2 oncogene, wMch 
codes for a growrth factor, was joined to a control gene to ensure that the 
growth factor would be produced in prostate tissue. Systems for studying 
regulation of genes in transgenic animal are also disclosed In Patent 

10 Application WO 90/06367 entitied Transgenic Mice for the Analysis of Hair 
Growth- wherein Insertion of a promoter of a gene for a hair specific protein, 
one expressed only In tissues involved In hair growth. Is used to regulate 
expression of a reporter gene. Due to consenration among homologous genes 
and their products, transgenes can be expressed In mice under the cortrol of 

15 a regulatory sequence from a human tissue specific gene. Recentiy. Patent 
Application WO 93/14200. which is incorporated herein by reference In Its 
entirety, discloses creation of a trangenic mouse that expresses ^-amyloid 
precursor protenis. 

D. MFTHODS FOP HSF OF NAG ANn«yiSlSE POI YNUCLEQ-nPES 

20 The NAG polynudeotide In the fomri of an antisense polynucleotide is useful In 
treating disease states associated with fbmiation of amyloid i.e.. amyloidosis 
In the brain, (particularly in neuritic) plaques by preventing expression of tiie 
protein that is originating. Essentially, any disorder which is etioiogically Rnked 
to expression of NACP could be considered susceptible to treatment with a 

25 reagent of the invention wNch modulates NAGP expression. Ihe tenn 
"modulate* envisions ttie suppression of expression of IMACP when it is 
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over-expressed, or augmentation of NACP expresaon when it is 
under-expressed or when the NACP expressed is a niutant fbmi of the 
polypeptide. 

When amyloidosis is associated wHh NACP overexpression, such suppressive 
5 reagents as antisense I^CP polynucleotide sequence or NACP liinding 
antibody can be introduced to a ceB. Altemaliveiy. when an amyloid (Ssorder 
is associated virtth underexpresslon or expression of a mutant NACP 
polypeptide, a sense polynucleotide sequence (the DNA cocBng strand) or 
NACP polypeptide can be introduced into the cell. Methods for use of 
10 antisense gene therapy are discussed in greater det^ bdow. 

E ANTI-NAC AND ANTl-NACP ANTIBODIES. 

The invention indudes polyclonal and monoclonal antit^odi^ Immunoreactive 
with NACP or NAC polypeptides or immunogenfc fragments thereof. 

Antibodies which are specific for NAC or NACP may be produced by 
15 Immunization of a non-human v«th antigenic NAC or NACP peptides of native 
or synthetic origin. Once antigenic peptides are prepared, antibodies to the 
immunlzBig peptide are produced by introdudng peptide into a nammal (such 
as a rat}bit, mouse or rat). 

A multiple iniection immunization protocol is preferred for use in immunizing 
20 animals vwith the ant^enic MTA peptides fsee. e.g., Langone, ef a/., eds.. 
"Production of Antisera with Small Doses of Immunogen: Mult^le intradermd 
Injections". Methods ofEnzymology (Acad. Press, 1981). For example, a good 
antibody response can be obtained in rabbits l>y intrademial injection of 1 mg 
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of the antigenic MTA peptide emublfiecl In Complete Freuntfs Adjuvant 
followed several weeks later by one or more boosts of the same antigen in 
Incomplete Frmind's Adjuvant 

If desired, the immunizing peptide may be coupled to a carrier protein tjy 
5 conjugation using tectmiques which are well-known In the art. Such commonly 
used carriers which are chemfcally coupled to the peptide indude keyhole 
limpet hemocyanin (KL>0. thyroglobuKn, bovlns semm albumin (BSA), and 
tetanus toxoid. The coupled peptide Is then used to immunize the animal {e.g. 
a mouse or a rabbit). 

10 Polyclonal antibodies |»^oduced by the animals can be furtiier purified, for 
example, t>y binding to and eluBon from a matrix to whfeh the peptide to which 
the antibodies were reused is bound. Those of stall In the art will know of 
various techniques common in the immunology arts for puriffcalion and/or 
concentration of pdydonal antibodies, as weB as monoclonal antibodies (gea. 

15 for example. Coligan. ef a/., Unit 9. Current Protocols in Immunology, Wiley 
Intersdenra. 1991). 

if desired, polyclonal antibocfira can be further purified, for example, lay bfriding 
to and elution from a matrix to which MAC polypeptide is bound. Those of stall 
in the art wOl know of various other techrtques common in the immunology arts 
20 for purification and/or concentration of polyclonal antibodies, as well as 
monoclonal antilsodies. 

Antibodies wMdi consist essentisdly of pooled monoclonal anlibodire with 
different epitopic spedfidlies, as well as distinct monoclonal antibody 
preparations are provided. Monodonal antibodies are made from antigen 
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containing fragments of the protein by methods wen known to those sWIIed in 
the art (Kohler, et aS.. Nature, 2§S:495. 1975). The terni antilxxly or. 
Immunogloljulin as used in this invention Includes intact molecules as well as 
gMietjMil ^nQineefed antitwdv constructs such as Ijifunclional antilwdies, 
5 ^CDR grafted antibodies , and the like, as well as fragments thereof, such as Fab 
and FCabOg. which are capable of binding an epitopic detemninant on NACP or 
MAC. 

A preferred method for the identification and isolation of an antibody binding 
domain that exhibits binding with NACP or MAC peptktes is the bacteriophage 

1 0 X vector system. This vector system has been used to express a combinatorial 
library of Fab fragments from the mouse antibody repertDire in Escherichia coU 
(Huse. ef al., Science. Mg:1275-1281. 1989) and from the human antibody 
repertoire (MuRlnax. et al.. Proc. NaU. Acad. Sci.. S7:8095«)99. 1990). As 
described therein, receptors (Fab molecules) exhibiting binding for a 

15 preselected Bgand were Wentified and Isolated from these antibody expression 
ribraries. This methodotogy can also be applied to hybridoma cell lines 
expressing monoclonal antibodfes with binding fc>r a preselected ligand. 
Hybridomas which secrete a desired monoctonal antibody can be produced 
in various ways using techniques well understood by those hawing ordinary skill 

20 In the art and will not be repeated here. Details of these techniques are 
described In such references as Monoclonal AntilMdies-HyMdomas: A New 
Dimension in Biological Analysis, Edited by Roger H. Kennett. ef al., Plenum 
Press, 1980; and, U.S. Patent No, 4,172.124. 



9/20/2005, EAST Version: 2.0.1.4 



WO9»06407 PCT/OS94/09789 

•39- 

F. METHODS FOR DETECTINQ AMYLOID O p A riFI I BCPRESSING 
NACP. 

The Invention provides a method for detecting a ceH expressing NACP, or an 
amyloid disorder associated with NAC, comprl^ contacting a cell suspected 

5 of expressing NACP or having a NAC associated disorder with a reagent which 
binds to the target component. The cell component can be nudeic add, such 
as DNA or RNA, or protein. When the component is nucleic add, the reagent 
is a nudeic add prdoe or PGR primer. When the cell component is pro^, 
the reagent is an antibody probe. The probes are detedably labeled, for 

10 example, with a radioisotope, a fluorescent compound, a bioluminescent 
compound, a diemlluminescent compound, a metal chelator or an enzyme. 
Those of ordinary sWH In the art wBI know of other suitable labels for binding 
to the antibody or probe, or will be aiJie to ascertain sudi, using routine 
experufnentatioa 

15 For purposes of the invention, an antibody or nudeic add probe specific for 
NACP or fragments thereof may be used to detect the presence of NACP 
polypeptide or NAC peptides (using antibody) or polynucleotide (using nucleic 
add probe) In biological fluids or tissues. Any spedmen containing a 
detectable amount of antigen can be used. A |M^eferred sample in this 

20 Invention Is tissue of brain origin, spedficaily midfrontal cortex tissue obtained 
through biopsy. More preferably, the tissue Is hippocampus tissue. P referably 
the su^ed^Jhurnan. 

Another technique which may also result in greater sensitivity consists of 
coupling the antibodies to low molecular weight haptens. These haptens can 
25 then be specifically detected by means of a second reactloa For example, it 
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is common to use such haptens as blotin. which reacts with avidin. or 
dinltrophenyl. pyridoxal. and fluorescein, which can react with specific antl- 
hapten antibodies. 

■me method for detecting a cell expressing NACP or a amyloid disorder 
associated with MAC. described above, can be utilized for prescreenlng for 
detection of amytoidosis prior to or after a subject's manifestation of typical 
dinicai and neuropathological features of AD. Additionally, the method for 
detecting NACP polypeptide in cells Is useful for prescreenlng to detect risk of 
amytoid disorder by identifying cells expressing NACP at levels different than 
nomial cells. Using the method of the invention, high, low. and mutant NACP 
expTBSsion can be identified m a cell and the appropriate course of treatment 
can be employed (e.g., sense or antisense gene therapy). 

The monoclonal antibodies of the invenfion are suited fbr use, for example, in 
Immunoassays in which they can be utBlzed in Bquid phase or bound to a soBd 

15 phase carrier, m addition, the monoclonal antibodies In these immunoassays 
can be detectably labeled In various vrays. Examples of types of 
Immunoassays which can utilize monoclonal antibodies of the invention are 
competitive and non-competitive immunoassays in either a direct or indirect 
f omiaL Examples of such Immunoassays are the radioimmunoassay (RIA) and 

20 the sandwich fimmunometric) assay. Detection of the antigens using the 
monoclonal antibodies of the Invention can be done utilizing immunoassays 
which are nin In efther the fonward. reverse, or simultaneous modes, including 
immunohistochemlcal assays on physiological samples. Those of skill in the 
art win know, or can readily discern, other immunoassay formats without undue 

25 . experimentation. 
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The moncKdonal antibodies of the invention can be bound to many different 
earners and used to detect the presence of NACP or MAC peptides such as 
X and Y. Examples of well-l<nown carriers include glass, polystyrene, 
potyprop^ene, polyethylene, dextran, nylon, amylases, natural and modified 
5 celluloses, polyacrylamides. agaroses and magnetite. The nature of the canier 
can t>e either soluble or insoluble for purposes of the invention. Those skilled 
In the art win know of other suitable carriers for binding monoclonal antibodies, 
or will be able to ascertain sudi using routine experimerrtatton. 

As used in this invention, the tenm "epitope" includes any detemiinant capable 
1 0 of specific interaction vwth the monoclonal antibodies of the invention. Epitopic 
determinants usually consist of chemically active surface groupings of 
molecules such as amino adds or sugar side chaffis and i^ualty have spedfic 
three cfimenrfonal staictural characteristics, as wdl as specific charge 
diaracteristics. 

15 The concentration of detectably lafc^eled monoclonal antibody whfch is 
administered should be sufRdent such tiiat ttie binding to tiiose cells having 
MAC or NACP is detectstole compared to the background. Furtiier. it is 
desirable that the detectably labeled monodonal antiljody be rapidly deared 
from the drculatory system in order to give the t>est target-to-background 

20 signal ratio. 

Because of the blood/brain barrier, it can be expected that antibodies wiO not 
be particularly the preferred reagant for use in in ynvo applications. Ratiier, 
NAC/NACP pdypeptides (particulariy the former) tiial will cross the blood-brain 
barrier, arid bind to the native protein are expected to he the best fslAC/NACP 
25 ligands. In particular, the preferred llgands of ttie Invention will be tiiose which 
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are derived from positions 61 -95 of the NACP amino add sequence (l.e.. in the 
MAC region), and from the C-tenninal region of NACP (positions 1 31 -140). In 
part, this preference is derived from the otreervation that antiljodies to MAC 
(61-95) t)lnd amyloid plaques, while antibodies to NACP (131-140) l>lnd 
5 synapses, as well as the presumed ability of the peptides to cross the blood 
brain burner. 

It has been shown that />-amylold peptide fragments of about 28 amino adds 
in length or shorter will effectively cross the blood/brain barrier in vivo without 
toxic effect (see. e.g.. Examples 15 and 16, as well as co-pending, commonly 

10 owned U.S. Patent AppficaBon No. 08/136.751: filed 1(V14/93). Given the 
simflarity m structure between the pleated /j-amylold molecule and NAC {sbb. 
Example 8, below), it can be expected that NAC peptides of about 28 amino 
adds or shorter In length would cross the blood-brain bamer. As showm In 
Dcample 8. NAC is a self-aggregating peptide (which apparently derives from 

15 the 61-95 amino add region of NACP). Within the 61-95 stretch of amino adds 
(see. SEQ.ID.No.1). the fonovwng peptides have been detennined to have self- 
aggregating ability 0-e., binding sites tor NAC) using the method described in 
Example 8 (reading from the N to the C terminus): 

TVEGAGSIAAATGFVKKD (NAC peptide 1) 

20 and KKKTVEGAGSIAAATGFV (NAC peptide 2). 

. Further, the somewhat shorter NACP peptides described below (which are 
derived from the 131-140 region of NACP: SSS. SEQ.ID.No.1), vrould also be 
expected to cross the bloodAirain barrier (reading from the N to the C 
temnlnus): 

25 EGYQDYEPEAKKD (NACP peptide 1) 

and KKKEGYQDYEPEA (NACP peptide 2). 
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Determmaton of whether a particular MAC or NACP peptide will speclficalV 
bind NAC or NACP can be readily made without undue experimentation by one 
of ordinary sWO in the art In regard to characterstlce of peptides that may 

5 cross the Wood/brain barrier, those of skin in the art may wish to refer to 
Pardridge, WA, "Peptide Drug Delivety to the BraJif, (Raven Press, 1991), 
chapters 3. 6 and 7 of which in particular are incorporated herein by this 
reference to Illustrate the state of knowledge In the art concerning delivery of 
peptides to the brain. An example of a suitable animal model and testing 

10 protocol for use In this regard are set fbrth In Examples 15-16. 

As an illustration of techniques which may be employed to identify peptide 
that may cross the blood/brain barrier/without undue experimentation, peptides 
shorter than I^C (61-95) or NACP (131-140) can be screened for use in the 
15 method of the Invention by incubation with AD brain tissue homogenates or 
brain tissue from an animal model whfeh has been implanted surgically with 
amyloid, or through Immunological techniques such as those described above 
(e.g., testing the reactivity of anti-NACP antibodies that react with the native 
protein to the candidate ligand). 

20 It is also possible to detennine witiiout undue experimentation if a NAC or 
NACP peptide {\.e., NAC or NACP candidate llgand) has the same specificity 
as tiie NAC ligand described above by ascertaining vwhether the fonner 
prevents the latter from binding to NAC. If the candidate ligand competes wtth 
a ligand which is known to bind NAC/NACP (as shown by a decrease in 

25 binding by the latter), flien the two peptides bind to the same, or a ctosely 
related site. 
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m another way to deteimlne whether a particular candidate ligand has the 
specificity of a ligand which is known to laind NAC/NACP Is to prelncubate the 
candidate ligand with MAC or NACP and then add a known ligand to determine 
if it is inhibited in its ability to bind MAC or NACP. If the known NAC/NACP 
5 ligand is InhibitBd. in aU likelihood the candidate ligand has the same, or 
functionally equivalent, binding specificity as the known NAC/NACP Bgand. 

Screening of candidate ligands can aiso be detemnined by attaching a 
detectable label to them, Incubating them witii amykjid-containlng brain tissue 
{in vivo or in vitro) and determining whetiier binding has occun-ed using in vivo 
10 diagnostic Imaging techniques as described in more detail below. 

NAC and NACP ligands may be labelled as descritied below; however, for //i 
wvo diagnostic imaging, tiie use of radiolabels or paramagnetic isotopes wDI 
be preferred. For example, for in vivo diagnostic Imaging, the type of detection 
Inslnjment available is a major factor in selecting a given radioisotope. The 

15 radioisotope chosen must have a type of decay which is detectable lor a given 
type of instmment Still anottier important factor in selecting a radioisotope for 
in vivo diagnosis is that the half-lifB of the radioisotope be long enough so tirat 
it is still detectable at tiie time of maximum uptake by tine target, but short 
enough so tiiat deleterious radiation with respect to the host Is minimized. 

20 Ideally, a radfoisotope used for in vivo imaging wifl lack a particle emission, but 
produce a large number of photons in tiie 140-250 keV range, which may be 
readily detected by conventional gamma cameras. 



For in vivo diagnosis, radioisotopes may be bound to proteinaceous ligands 
either direcfly or Indirectiy by using an Intemiediate functional group. 
Irttemiediate functional groups which often are used to bind radioisotopes 
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which e>dst as metallic Ions to immunoglobulins are the bifunctional chelating 
agents such as diethylenetriaminepentacetic add (DTPA) and 
ethylenediaminetetraacetic add (EDTA) and similar molecules. Typical 
e)0mples of metallc Ions v\^ch can be bound to the llgands of the Invenlfon 
are "'in. "Ru, ^Ga. "Ga. '^As. and '"'Tl. However, for its relatively low 
toxicity and ready Imaging. [TM^ (pertechenetale) wOl be the most preferred 
radidab^ for its relatively low toxidty in mammals. RacfiolabeHing with ^**rc 
may be performed according to the technique described in Kasnia. ef a/. J. 
Nucl Med., ^:1 445-1451 . 1 991 . 



However, for any in vitro use, ^^lodlde 0^ would be prelen«l for ease of 
detection, '"l may be attached to a NAC or NACP ligand for use in the 
invention by conventioned tedmiques Induding oxidatlvB radiodinatnn using 
sodium and chloramine T {tor tyrosine containing peptides) orthe acylallon 
followed by oxidative radlodination ^or peptides not contakiir^ tyrosine), 
fodinsdion may also be performed usii^ an iodination produd from DuPont of 
Wilmington. DE (marketed under the trademartc NEN) or the lodogen technique 
described in Saladnski, ef a/.. Anal. Biochem.. 112:136-146, 1981 . lodogen for 
use in tNs method is commercially available from Pierce and Wariner, Chester, 
England. 

The ligands of the invention can also be labeled with a paramagnetic isotope 
for purposes of in vivo diagnosis, as in magnetic resonance imaging (IWRO or 
electron spin resonance (ESR). In general, any conventional method for 
visuaRzing diagnostic imaging can be utilized. Usually gamnna and positron 
emitting radioisotopes are used for camera imaging and paramagnetic isotopes 
for MRI. Bements which are particularly useful in such techniques include 
^^Gd, »Mn, '^y, and »Fe. 
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Regardless of the detedaWe label used, the labeHed ligands wiO preferably be 
purified by means well known in the art referred to above (for example. RP- 
HPLC) to an essentiaily quantitative specific activity (e.g.. about 2000 Ci/mmol: 
1C1» 37GBq). 

5 To practice the invention, a diagnosticaBy effective amount of a detectably 
labelled ligand as described above will be administBred to mammal which is 
suspected of having AD. has been diagnosed as having AD or. in the research 
context, has had amyloid plaque fbmiation Induced in Its brain tissue. In the 
preferred embodiment, the mammal will be a human who is suspected of 

10 having or has been diagnosed as having AD. 

AS a rule, the dosage of detectably labeled ligand for /n vivo diagnosis wffl vary 
depending on such factors as age. sex. and extent of disease of the individual, 
•me dosage of monoclonal antibody can vary from about 0.001 mg/m^ to about 
500 mg/m^. preferably 0.1 mg/m^ to about 200 mg/m^. most preferably about 
15 0.1 mgW^ to about 10 mg/m^. Such dosages may vary, for example, 
depending on whether multiple injedfons are given, amyloid burden, and other 
factors known to those of skill In the art 

Those stalled in the art wfll be able to detemiine an appropriate dosage for the 
detectably labelled Uganda based on the animal study data provided in the 
20 examples below. In general, the -diagnostically effective amount" of detectably 
labeOed NAC ligand for in vnro applicants will be that amount which Is sufficient 
to detscUbly bind any NAC present In the subject brain tissue. 
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Although binding of the detectably lalaelled peptides of the Invention is 
somewhat dose-dependent, it will be appreciated because the peptides are 
self-aggregating, increasing their dosage may intensify rather than expand the 
NAC binding pattenn. More specifically, while binding of most or all of the MAC 
plaques present in the subject brain tissue may occur at lower dosage levels, 
the intensity of the emissions incficative of that binding may be enhanced as 
the detectab^ labelled peptide density per plaque Is increased at fugher 
dosage levels. 

Although any nonsurgical route of administration which introduces the 
detectably labelled ligands of the invention into brain tissue may be used. 
Intraarterial injection in preferred, with intracarotid injections b^g most pre- 
ferred. Where tiie method of the invention is being performed Ibr diagnostic 
purposes, the badcgrcund measurement wiB preferably be iestabHshed by 
detemiining the extent of binding of a detectably labelled llgand in heaWiy 
mammalian subjects. In this context, "heaBhy" is defiried as a mammal wltti 
less than about 15 amyloid plaques/unit area of brain tissue (one unit area = 
0.1 square mdfimeter) and/or a subject who exhibits no clinical signs of a 
neuropsychological disorder. In the same reganj. measurements based on 
binding of tiie detectably labelled ligand indicative of the presence of a about 
15 plaques/unit area will be considered to be diagnostically significant for 0-e., 
indicative of) AD. These data can be used to assist In oonflrmalion or 
refutation of a dirvcal diagnosis of AD. 

To evsduate tine prognosis of a sutjject who Is suspected of having or has been 
diagnosed as having AD, the mettiod of the invention can provide data of at 
least three significant types. First, using NAC ligand, plaque density in excess 
of about 15 plaques/unit area can be correlated to tiie progress of tiie disease 
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(j.e.. greater plaque density would be expected to be present in later stages 
of the disease). Second, measurements of plaque devetopment taken over 
time will be indicative of the rale at vwhlch the disease is progressing and/or of 
the effectiveness of a particular treatment or therapy. In applying the inventive 

5 method to evaluate the progression of the disease, previous plaque density 
measurements taken from that subject wouW be used as background. Third, 
using IMACP ligand. the probable progression of loss of cognitive function as 
well as the status of plaque formatton through NACP deawage. may be 
evaluated based on decreses In the synaptic population and/or Increases In 

10 presynatpic t)Outon concentrations of NACP. 

Binding will preferal>ly be measured within one hour of Introducing the 
deteclably labeOed peptide Into the subject's, btoodstream. Binding vwill be 
measured in vivo using well^nown in vivo diagnostic imaging techniques On 
particular computer assisted sectional radtography (tomography)), preferably 
1 5 during the first hour fbOovwng admmistraBon of tiie detectably labelled peptide. 

a the presentfy known tomography techniques, positron emission tomography 
(PET) and single photon emission computed tomography (SPEC!) are 
preferred for use in the method of the invention. Because the appropriate use 
of these techniques will be known or apparent to those skilled in tiie art. their 
20 use will not be descrit)ed in detail here. 

For both prognosis and diagnosis. It may be desirable to evaluate the results 
of the in vivo binding assay of the invention in combination with evidence of ttie 
synaptic Integrity of tine subject brain tissue as well as clWcal signs of disease. 
One suitable in vitm technique for evaluating and detecting synaptic loss in 
25 sections of brain tissue using anti-synaptophysin antibodies Is described in 
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Masliah, et al.. Am. J. PathoL, 137:1293-1297 (1990). the disclosure of which 
is hereby incorporated by refermce to demonstrate techniques for evaluating 
synaptic loss known in the art; other t^niques wtH be known to those of skill 
in the neurological arts. 

5 For research purposes, the NAC/NACP ligands may be used for in \4tfo 
studies, for example. bincKng affinity of difiierent peptide, to devdop anti- 
amyloid antibodies, to study ttie pattiotogy of amyloid deposition and to 
evaluate proposed therapies. The NAC/NACP peptides may be of ps^ojlar 
use in developing in wo means of difforential diagnosis. For example, 

10 because NAC principally appears in mature plaques, the sts^e of AD 
dev^opment is a given patient may t>e identified more accurately by detecting 
NAC in ynvo than is now pos^ble using conventionai diagnosHc technques. 

More generally, the ISIAC/NACP ligands of the invention can be used to mortitor 
the course of amelioration of NAC assodated amyloid disorder. Thus, by 
15 measuring the Incre^e or decrease in the number of cells expressing NACP 
or c*ianges in the concentration of normal versus mutant NACP or NAC 
present in various body fluids and/or tissues, it woukl be possltde to determine 
whether a partiojlar th^apeutic regiment aimed at ameliorating the disorder is 
effective. 

20 G. THERAPEUTIC METHODS FOR TREAT1NP MAC ASSOCIATED 
AMYLOID DISORDER. 

<^ The present invention also provides a metiiod for treating a sutq'«:t vwth a NAC 
^ assodated amylcMd disorder. Because ttie NACP nucleotide sequence can be 
expressed in an altered manner as compared to expression in a ncMKi^ cell, 
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it is possible to design appropriate therapeutic or diagnostic techniques 
directed to this sequence. Thus, where an amyloid disorder is associated with 
the over-expression of NACP, nucleic acid sequences that interfere with MACP 
expression at the translational level can be used. This approach utifizes, for 

5 example, antisense nucleic add and ribozymes to block translation of a specific 
NACP mRMA. either by masking that mRNA with an antisense nucleic add or 
by deaving it with a nljozyme. In cases when a amyloid disorder or al>nonmal 
cell phenotype is assodated with the under expression of NACP or expression 
of a mutant NACP polypeptide, nudeic add sequences encoding NACP 

ID (sense) could be administered to the subject with the disorder, 

/ Further, as indicated In the Background of the Invention, studies regarding 
I accumulation of ^-amyloid In brain tissue have indicated tiiat binding of 
\ synthetic ^-amyloid peptide to native ^-amyloid actually retards the 
15 \ accumulation of the native protein. Based on these results, and given the 
physical and functional relatitwiships between NAG and /^amytoid feee. 
/ Examples 12 and 13 below), it can be expected that adnrrinistratioh off NAC 
/ peptides will provide a flierapeutic benefit to a ^eraon Stiffigriri^ 
\ assodated arnyldid disorder, aucih as^AD. NAC peptides that will cross the 
20 \ blood-brain bam'er and bind to NAC (to "modulate" the accumulation thereof 
/ are identified elsewhere above, as are means to identify any additional NAC 
peptides possessing this ability. 

Antisense nudeic adds are DNA or RNA molecules that are complementary to 
at least a portion of a specific mRNA nrwiecule (Weintraub, Scientiffc American, 
25 21^:40, 1990), In the cell, the antisense nudeic adds hybridize to tiie 
corresponding mRNA, fonnlng a double-stranded molecule. The antisense 
nudeic adds interfere with the translation of the mRNA since the cell will not 
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transiate a mRNA that doubie-stranded. Arttisense oligomers of about 15 
nucleotides are preferred, since they are easily synthesized and are less likely 
to cause problems than brger molecules when Introduced Into the target 
NACP-produdng cell. The use of antisense methods to inhibit the in vitro 
5 translation of genes is well known In the art (Marcus-Sakura, AnaL ^ochem., 
rS:289, 1988). 

Ffibozymes are RNA molecules possessing the ability to specifically cleave 
other single-stranded RNA in a manner analogous to DNA restriction 
endonudeases. TTirough the modification of nudeotide sequences which 
1 0 encode these RNAs, it is possible to engineer molecules that recognize spedRc 
nudeotkJe sequences in an RNA molecule and deave it (Cech. J. Amer. Med, 
Assn., 260:3030, 1988). A major advantage of this approach is that, because 
they are sequence-sji^dfic, only mRNAs with particular sequences are 
inactivated. 

1 5 There are two baste types of ribozymes namelyp f^/ymena-type (Hasselhoff , 
Nature. 334:585. 1988) and "hammertiead"-type. Tefra/ymena-type ribozymes 
recognize sequences which are four bases in length, while "hammerheads-type 
ribozymes recognize l>ase sequences 11-18 bases in length. The longer the 
recognition sequence, the greater the likelihood that that sequ«ice will occur 

20 exdusivdy in the target mRNA species. Consequently. harwnerhead4ype 
ribozymes are preferable to fefra/iymena-type ribozymes for inactivating a 
specific mRNA spedes and 18-based recognition sequences are preferable to 
shorter recognition sequences. 
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-me present invention also provides gene therapy for the treatment of amyloid 
disorders which are mediated by NACP protein. Such therapy would achieve 
its therapeutic effect by Inlroduction of the NACP antlsense polynucleotide, into 
target cells (I.e.. in brain tissue) of subjects having the amyloid disorder. 
Delivery of antisense NACP polynucleotide can be achieved using a 
recombinant expression vector such as a chimeric vims or a colloidal dlsper- 
sion system. Disorders associated with under-expression of NACP could 
similarly be treated using gene therapy with sense nucleotide sequences. 

Various viral vectors which can be utUized for gene therapy as taught herein 
include adenovims. herpes virus, vacdnla. or. preferably, an RNA vfrus such 
as a retrovinjs. Preferably, the retroviral vector Is a derivative of a murine or 
avian retrovims. Examples of retroviral vectors In which a single foreign gene 
can be inserted indude. but are not fimiled to: Moloney murine leukemia vims 
(MoMuLV). Han«y murine sarcoma vims (HaMuSV). murine mammary tumor 
vims (MuWTV). and Rous Sarcoma Vims (RSV). A number of additional 
retroviral vectors can incorporate multiple genes. All of these vettors can 
transfer or incorporate a gene for a setedable marker so that transduced cells 
can be identified and generated. By inserting a NACP sequence of Interest 
Into the viral vector, along with another gene which encodes the ligand for a 
receptor on a specific target cell, for example, the vector is now target specific. 
Retroviral vectors can be made target specHto by Inserting, for example, a 
polynucleotide encoding an enzyme that detemiines the stmcture of a sugar, 
a glyoollpid. or a protein. Preferred targeting is accomplished by using an 
antibody to target the retroviral vector. Those of sWll In the art will know of. or 
can readily ascertain without undue experimentation, specific polynucleotide 
sequences which can be Inserted into the retroviral genome to allow target 
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specific delivery of the retroviral vector containing the NACP antisense 
polynucleotide. 

Since recombinant retroviruses are defective, they rec^ire assistance in orctor 
to produce Infectious vector particles. This assistance can be provided, for 

5 example, by u^ng helper cell lines that ccHitain plasmids encoding all of the 
structural genes of the retrovirus under the control of regulatory sequences 
within the LTa These plasmids are missing a nucleotide sequence that 
enables the packaging mechanism to recognize an RNA transcript for 
encapsidation. Helper cell lines which have deleticvis of the pad^aging signal 

10 include but are not limited to «2, PA317 and PA12. for example. These cell 
lines produce empty virions, since no genome is packaged. If a retroviral 
vector is introduced Into such cells in which ttte padoging rfgnal is intact, but 
the stnjctural genes are replaced by other genes of interest, the vector can be 
packaged and vector virion produced. 

15 Alternatively. NIH 3T3 or other tissue culture cells can be directly transfected 
with p^mids encoding the retrowrd structural genes gag, pol and &w. by 
conventional cedcium phosphate transfectton. These cells are then transfected 
with the vector plasmkl containing the genes of interest The resulting ceOs 
release tiie retroviral vector into tne culture medium. 

20 Another targeted deBvery system tor NACP antisense polynucleotides is a 
colloklal disperrfon system. Colloidal dispersion systems include 
macromolecule complexes, nanocapsuies, microspheres, beads, and Bpid- 
based systems Including oiHn-water emulsions, micdies. mixed micelles, and 
Bposomes. Ttie prefenred coHoidal system of tWs invention is a liposome. 

25 Liposomes are artificial membrane vesicles which are useful as delivery vehicles 
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In vitro and in vivo. It has been shown that large unDamellar vesicles (LUV). 
which range In size from 05-4.0 um can encapsutote a substantial percentage 
of an aqueous buffer containing large macromolecules. RNA. DNA and intact 
virions can be encapsulated within the aqueous interior and be delivered to 
brain cells In a biologically active fbnn (Fraley. et al.. Trends Biochem. Sci., 
g:77, 1981). For instance in vivo administration can be in a bolus or by gradual 
perfusion over time by means adapted for crossing the Wood-brain barrier. 
For Instance, the NAC or fslACP polynucleotides or polypeptides can be 
Injected by epidural administration or intralumbar puncture using standard 
techniques well known to the medical profession, although an intrarterial route 
of admWstralion would be preferred for patient comfort. 

In order fbr a fiposome to be an efficient gene transfer vehicte, the foHowing 
characteristics should be present: (1) encapsulation of the genes of Interest al 
high efficiency while not compromising their biological activity; (2) preferential 
and substantial binding to a target ceH in comparison to non-target ceDs; (3) 
delivery of the aqueous contents of the vesicle to the target cefl cytoplasm at 
high efficiency: and (4) accurate and effective expression of genetic infomiatlon 
(Mannino, etal., Bioteohniques. 6:682. 1988). 

The composition of the liposome is usuafly a combination of phosphoDpids. 
particulariy higlvphasfr-transltion4emperalure phospholipids, usually in 
combination with steroids, especially cholesterol Other phospholipids or other 
lipids may also be used. The physical characteristics of Oposomes depend on 
pH, Ionic strength, and the preseTK» of divaient cations. 



9/20/2005, EAST Version: 2.0.1.4 



WO95W6407 PCr/OS94«»9789 

-55- 

Examples of lipids useful in lipc^ome production indude pliosphatidyl 
compounds, such as phosphatidyiglycerol, phosphatidylcholine, phos- 
phatidylserlne, pho^atidyiethanolamlne, sphingoTipids. ceret)rosides. and 
gangliosides. Particularly iseful are diacylphosphatidylglycerols, where the lipid 
5 moiety contains from 14-18 carbon atoms, particuiarfy from 16-18 cariaon 
atoms, and is saturated. Illustrative phospholipids include egg phosphatidyl- 
choline, dipalmiloylphosphatldylchollne and distearoylphosphatidylchollne. 

The feting of liposomes has been das^fied based on anatomical and 
mechanistic factors. Anatomical classification is based on the level of 

10 seiecli>rity. for example, organ-spedfic. ceil^pedfic, and organelle-spedflc. 
Mechanistic targeting can t>e cfistinguished based upon wtiether it is passive 
or active. Passive targeting utilizes the natural tendency of ^somes to 
debute to eels of the reticulo-endotiielial system (RES) in organs which 
contain sinusoidal capillaries. Active targeting, on the other hand, involves 

15 alteration of tiie Gposome by coupOng tiie fiposome to a speofflc figand such 
as a monodonal antibody, sugar, glycoHpid, or protein, or by ciranging the 
composition or size of tiie iposome in order to achieve targeting to organs and 
cell types other than tiie naturally occurring sites of localization. 

The surface of tiie targeted delivery system may be modified In a variety of 
20 ways. In the case of a liposomal targeted delivery system, ripid groups can be 
incorporated into tiie lipd bilayer of the liposome in order to maintein the 
targeting ligand in stable assodation with tiie liposomal bilayer. Various linldng 
groups can be used for joining the lipid diains to tiie targeting Kgand. 
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TTie compounds bound to the surface of the targeted derwery system wOl 
generally he ligands and receptors which will allow the targeted delivery system 
to find and tiome IrV on the desired cells. A ligand may be any compound of 
interest which wHI bind to another compound; e.g., MAC. 

5 In general, surface membrane proteins which bind to specific effector 
molecules are referred to as receptors, m the present invention, antibodies are 
preferred receptors. Antibodies can be used to target fiposomes to specific 
cell-surf&oe Hgands. For example, certain antigenic sites associated wHh NAC 
polypeptides in amyloid fontnattons may be exploited for the purpose of 

1 0 targeting NAC polypeptide or polynucleotide containing liposomes directiy to 
the amyloid deposit Since the NACP gene product may be indiscriminate with 
respect to cell type in its action, a targeted delivery system offers a significanl 
Improvement over randomly administered non-specific Dposomes. Preferably. 

the target tissue is brain tissue and tiie target cefl Is a neuron/gOa 

15 A number of procedures can be used to covalenfly attach efther polyclonal or 
monoclonal antibodies to a liposome bllayer. Antibody-targeted liposomes can 
include monoclonal or polyclonal antibodies or firagmerfts thereof such as Fab. 
or FCabOz. as long as they bind effldemiy to an antigenic epitope on the target 

cells. Liposomes may also be targeted to cefls expressing receptors for 
2D hormones or other serum tectors. 
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H. KITS AND ASSAY ?^ FfVR USE IN THF MFTHODS OF THE I 



The antibodies and substantially purified NAC peptide of the present invention 
are ideally suited for the preparation of a kit Such a kit may comprise a 
carrier means being compartmentalized to receive In dose confinement 
5 therewwth one or more container means such as vials, tubes and the Oke. each 

of the container means comprising the separate elements of the assay to be 

used. 

The types of assays wWch can be incorporated in kit form are many, and 
include, for example, competitive and non-competitive assays. Typical 
10 examples of assays vwWch can iMzp the antibodies of the invention are 
radioimmunoassays (RIA). enzyme immunoassays (BA), enzyme-linked 
immunosorbent assays (EUSA). and immunometric, or sandvwfch 
immunoassays. 

The tenn "immunometric assay- or -sandwteh immunoassay", includes 
15 simultaneous sandwich. Ibnward sandwich and reverse sandwich 
immunoassays. These terms are weM understood by those skWed in the art 
Those of skill win also appreciate that antibodies according to the present 
invention wHI be useful in otiier variations and fbnns of assays which are 
presentiy known or which may be developed In the future. These are Intended 
20 to be included within the scope of the present invention. 

m perfomiing the assays it may be desrable to include certain Islockers" In the 
incubation medium (usually added with the labeled soluble antibody). The 
"blockers" are added to assure that non-specific proteins, proteases, or anti- 
heterophllic immunoglobulins to anti-NACP or anti-NAC Immunoglobulins 
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present in the experimental sample do not crosslink or destroy the antibodies 
on the solid phase support, or the radiolabeled indicator antibody, to yield false 
positive or false negative results. The selection of "blockers" therefore may add 
substantially to the spedRcily of the assays described in the present inventioa 

5 It has been found that a number of nonrelevant fi.e.. nonspecific) antibodies of 
the same dass or subclass (isotype) as those used In the assays (e.g.. IgGI. 
lgQ2a. IgM. etc.) can be used as "blockers". Tlie concentrafon of the 
"blockers" (normally 1-100 pg/^O is Important. In order to maintain the proper 
sensitivity yet Inhibit any unwanted interference by mutually occurring cross 

10 reactive proteins in the specimen. 

I. PHARMACEunC Ai nnMPQsmoNS OF THE? lNYE^^nQN. 

The invention also relates to a method for preparing a medicament or 
i phamiaceutical oomposWon comprising the polynucleotides, monoclonal 
\ antibodies or tiie NAC/NACP ligands of the invention Cphannaoeutically active 
15 J molecules^, the medicament being used for therapy of NAC associated 
/ amyloid disorders. 

Phannaceutically active molecules wfll preferably be administered in a 
pharniaoeuticatly acceptable carrier, which may include sterile aqueous of non- 
aqueous solutions, suspensions, and emulsions. Examples of non-aqueous 
20 solvents are propylene glycol, polyethylene glycol, vegetable oils such as oTive 
oil. and irijectable organic esters such as elhyl oleate. Aqueous carriers 
include water.alcoholic/aqueous solutions, emulsions or suspensions, including 

saline and buffered media. A pharmaceutically active molecule of the invention 
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may be conjugated by means well known in the art to polyethylene glycol 
(PEG) to reduce its Immunogenidty. 

Parenteral vehides include sodium diloride solution, Ringer's dextrose, 
dextrose and socfium diloride, iactated Ringer's or fixed oils. Intravenous 
5 veNdes include fluid and nutrient replenishers, electrolyte replenishers (such 
as those based on Ringer's dextrose), and the like. Preservatives and other 
additives may also be present such as, for example, antimicrobisris, antioKi- 
dants, chelating agents, and inert gases and the like. 

The following examples illustrate the manner in which the invention can be 
10 practteed. It is understood, however, that the examples are for the purpose of 
illustration and the invention is not to be regarded as limited to any of the 
specific materials or ooncfitions therein. 

exampiJe 1 

AMYLCMD PREPARATION 

16 Amytoid was purified from the frontal cortex of patients with typical dinical and 
neuropathological features of AD (obtained from the Mzlneimer's Disease 
Research Center, San Diego, CA) using a modification of a protocol previously 
described by J. Kondo. et a/. (Neuron, l:827-«34, 1988). Briefly, AD cortex 
was homogenized in 2% SDS. 1% 2-mercaptoethanol. 50 mM Tris-HCI, pH 7.6. 

20 heated to 95*C for 10 minutes, and then oentrifuged at 100,000 x g for 60 
minutes. The pellets were suspended in 50 mM Tris-HQ, pH 7.6, and 1% SDS 
(SDS twjfler) and oentrifuged at 100.000 x g for 60 minutes. The peBets were 
resuspended in 0.5 M sucrose in SDS buffer and subjected to 1. 0/2.0 M 
sucrose step^radient centrifugation at 245,000 x g for 2 hours. The interfaces 

9/20/2005, EAST Version: 2.0.1.4 



wo 95/06407 



PCT/OS94A»789 



-60- 

were collected and centrlfuged at 150.000 x g for 60 rrtnutBS after 5 times 
dilution witii SDS buffer. 

The pellels recovered were sonicated in SDS buffer, dialyzed against 70% 
fomiic add. cleaved with CNBr, and digested with Achmmobacter fytious 

5 protease I in 5 M urea at 30-C for 5 hours. The deawed peptides were 
separated by HPLC on a C4 column with a linear gradient (0-80%) of 
acetonitrile/isopropanol (3/7) in 0.1% trifluoroacetic add. All of the HPLC peaks 
ehited from HPLC were sequenced using methods known in the art in 
additfon to the major Afi sequence (31.1 nmol) two heretofore unknown 

1 0 peptkJes X (2.0 nmd) and Y (2.3 nmol) were recovered. AD of the amino add 
sequences found could be attributed to proteins known to be assodated with 
amytoW tissue-Ap protein, r. ubiquitin. fenitin. and coDagen-exoept for the two 
heretofore unknown peptkles, named herein as NAC peptide X (SEa I.D. NO. 
4) and NAC peptide Y (SEQ. I.D. NO. 5). No other sequences of NACP other 

15 than peptides X and Y were detected in the amytoW preparation. 

Because Peptides X and Y were recovered in essentially the same 
concentration, the hypothesis was drawn that they were derived from a single 
larger precursor peptWe NACP. Because the amyloid fractton contained 
sequences of r and ubiquitin. known components of PHF. it was possible that 
20 the X and Y peptides might have derived from contaminating PHF. To exdude 
this possibility, it was necessary to focalize X and Y with immunologteal probes. 
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EXAMPLE 2 

ANTIBODY PRODUCTION AND I MMUMOHiSTOCHEMISTHY 

Proteins X and Y were synthesized using methods Icnown in the art, tested for 
solubiiity. and found not to be soluble in any aqueous solution examined. 

5 Therefore, the N-terminal sequences of proteins X and Y were synthesized and 
used to raise rabbit antisera using methods loiown in the art For example, a 
C4erminai cystein was added to the 9 N4erminai amino adds of protein X to 
form a protein fragment X1 EQVTTMVGGAC (SEQ. I.D. NO. 6), and a C-terminal 
cysteoi was added to the 7 N-tenninal amino adds of protein Y to form a 

10 protein fragment Y (TVEGAGSC) (SEQ. LD. NO. 7). These protein fragments 
XI and Y were conjugated to KLH using MBS as descritsed tn N. Green, et al., 
{Cell ^-ATT-AST, 1982). Rabb>its were boosted several times with the MBS- 
oorjugated peptides, and then proteins X and Y were conjugated to KLH witti 
glutaraldehyde, ii^ected into rabbits, and antisera were obtained as descritied 

15 in E. IMasPiah. ef al. {J. Neurosd.. 3fl:21 13-2124. 1990). 

Antisera obtained from the rabbits were used to perform immunoliistochemical 
and immunoeledron microscope analysis of AD tsrain sections using methods 
known in the art (Masllah, supra. 1 990; E. MasBah, ef al. (J. Neurosd. . 11:2759- 
2767, 1991). In particular, specificity of the staining was demonstrated by a 
20 pre-at)sorplion experiment consisting of incubation of antibody X1 virith peptide 
XI and incubation of antibody Y with peptide Y. In the control, the antisera 
were incut>ated with peptide of an entirely different sequence (EGYQDYEPEAC) 
(SEQ. LD, NO. 8). 
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In order to define which structures were immunostahied (neurofittfillary tangles, 
neuritic plaques, vascular amyloid, and neuropil threads) and to identify plaque 
sul>types (diffuse, primitive, and mature), some of the immunostained sections 
were further stained with a 1% aqueous solution of thioflavin S and were 

5 viewed with ultraviolet illumination and fluorescein filters using procedures 
descril)ed in MasBah. supra (1991). The results were further confirmed by 
immunoeleclron microscope analysis as described in Masliah, supra, (1991). 
Briefly, vilirahjme secfions were blod<ed with nomral goat serum (5%) and 
incubated overnight at 4'C with antibodies anli-XI and anti-Y. The sections 

ID vtfere washed in PBS. incubated witti biotinylated goat anti-rabtnt IgG tbllowed 
by avidin D-HRP (Vector ABC Bite, Vector Labs, Inc., Buriingame, CA) and 
reacted witii diaminobenzidine (DAB. 0.2 mg/mO in 50 mM Trie buffer (pH 7.4) 
with 0.001% HgOa. Control sections were Incubated witfi preimmune serum. 
The immunosteuned sections were postfixsd for 20 minutes in 1% OSO4. 

15 dehydrated, and embedded to present a flat surface In epoxy/AraldltB. 
Ultrathin sections were cut with a ftelchert 0M-U3 uttramicrotome and viewed 
witii a 100 CX JEOL dectron nracroscope. 

Results of tiie immunohistochemical and immurmelectron microscope analyse 
of AD brain sections are shown in FIGURE 1. Panel A shows hippocampal 

20 sections stained witii antibodies anti-XI and anti-Y. In Panel B occasional 
staining of dystrophic neutites (arrows) was detected wltti anti-Y antibody. 
Immunostalning of amyloid in diffuse, primitive, and mature plaques was 
detected in Panels A and B. as weB as in cerebral vessel walls (not shown) as 
revealed by double staining with thioflavin S. When tiiese sera were 

25 preat)Sort)ed witii fragments XI and Y, staining was eliminated. As shown in 
Panel C. neither preimmune sera nor antisera conteining anti-X1 and/or anti-Y 
antibocfies stained amyloid in AD brain tissue when antisera had been 
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preabsorbed wWi the corresponcing peptide fragments X1 and Y. Pand D 
shovws an electron micrograph of staning of amyloid fibrils (arrows) with anti-XI 
antit)ody. Amyloid fibrils were also stained with the anti-Y antftxjdy (not 
shown). 

5 The antl-Y antibody stained not only amyloid in plaques, but also nuclei of 
smaN, possibly glial cells, cytoplasm of some small cells, and neuropil threads. 
The staining of these stmctures other than amyloid was not obsen^ed with the 
antnXI antibody. There are two potential explanations fbr the difference in 
staining properties between the anti-XI and -Y peptide svitibodies. This 

10 dSf&enoB in staining may represent a genuine difference in the distrilxition of 
two products of a single precursor protein or, alternatively. It may be a result 
of a less specific staining 1^ the anti-Y peptide antibody. It appears likely that 
the latter explanation is conect becwse anti-Y antibody stsuns dozens of bands 
on Western blots of brain eOract (data not shown). 

15 Recent wort< has shown that 50% of intracellular NFTs and 100% of 
extracellular MFTs cont^n Ap. (G. Peny. ef a/.. Am. J. Pathol.. Jifi-.283-290, 
1 992). However, the tWoflavin-p(»itive NFTs did not stain positively with anti-XI 
or -Y antSaodies. 

Immunoelectron microscopic analysis of Q8O4 Intensified diaminobenzidine 
20 staining by anti-XI antibody showed specific localization on amylc^d fibrils (Fig. 
1D). Anti-Y antibody also stained amyloid fibrils (not shown). These results 
indicate that both X and Y peptides are tightty associated with the amyloid 
fibrils. The data are compatible witii the hypothesis tiiat NAC is actually a 
novel amyloid component and not a compOTient of contantinants such « 
25 paired helical filaments. 
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EXAMPLE 3 
MOLECULAR CLONING OF MACP CDNA 

To discover whether the NAC peptides are produced from a precursor protein 
as is the case with A^, the decision was made to isolate the cDNA. First a 
5 piece of cDlsiA for encoding the NAC peptide was deduced and amplified by 
PGR as described in R. IC SaiW. etal. {Science. ^:1350-1354. 1985). Sense 
(X1) (SEQ. I.D. NO. 9) and antisense Q(2) (SEQ. I.D. NO. 10) oligonucleotides 
were designed as primers for the N- and Cterminal halves of the X peptide 
amaio-2K:id sequence, respectiveiy. 

10 An additional set of sense Z (SEQ. I.D. NO. 11) and antisense aZ (SEQ. LD. 
NO. 12) oligonucleotide primers for DNA flanking the EcoRI cloning site of 
Agt11 were made. PGR was perfbmied using these oligonucleotides as 
primers with combinations of XI (or X2) and Z (or oZ) as primers and a cDNA 
expression library of human brain tissue in Agtl 1 as template. Briefly, the PGR 

15 reaction was perfbmied at 94«C for 1 minute, at 51 'C for 1.5 minute, and at 
72»C for 2 minutes. After 35 cydes of amplification, a PGR DNA product of 
about 280 bp otrtained from the cornbination of primers X2 and oZ was 
purified, digested with EcoRI. subdoned Into the EcoRI-Wndl site of 
pBluescript SK+ (Stratagene. San Diego. GA). and sequenced using methods 

20 well Imown in tlie art 

An amino add sequence deduced from the DNA sequence thus obtained was 
found to contain a ten amino add sequence (EQA7NAGGVA) constituting the 
N-temiinal region off X peptide, thus confirming the identity of this PGR product 
as a fragment of NAGP cDNA. With the origin of the PGR product confimied. 
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the DMA fragment was used as a probe for screening a cDNA expression 
library of human brain tissue (ATCC, #37432) in Agtl 1 phage. 

From 5 X 10? recombinants, 22 positive clones were obtained. Tlie isolated 
cDNA were subcloned Into pBluescript SK+ and sequenced on both strands 
by Sanger dideoxy chain termination method (Sanger et al. 1977) using 
Sequenase (U. S. Biochemical Co.. Cleveiand. OH) with the help of synthetic 
primers. Gone HBS6-1 contained an apparently fuiHength cDNA with a nested 
sequence corresponding to NAC sequence. 

Bacterial Expression of MACP Protein. 

NACP prxjt^ was expressed in £ coli using pSEIMACP expression vector. 
Plasmid pHBS6-1 was digested with Ml treated with Klenow polymerase to 
generate a blunt end, and then digested with ^1 to release the coding 
region. This 1.2-kb NcoVAflW MACP cDNA fragment containing the entire 
coding sequence and 3' nontranslated region was llgaled Into a bacterial 
expression vector, pSE380 (Invitrogen). previously linearized tjy digestion with 
Ategl and Snal. Ftesultant pSENACP expresses MACP protein under the 
control of trp/lac fusion promoter wWch is inducible with IPTG. pSENACP was 
amplified in £ coll HB101. 

Northern Blot Analysis. 

Procedures for RNA preparation, electrophoresis, and hybridization are those 
routinely used. Briefly, total RNA was isolated from different human tissues. 
RR/IA (10 H9) was electrophoresed on a 1% lormaldehyde-agarose gel and 
blotted to a nitrocellulose membrane. Hybridizatfon was carried out in 50% 
fomiamide, 5 x SSPE. 5 x Denhardt's. 0.5% SDS. lOO^g/ml denatured salmon 
spemi DNA, and 10% dextran sulfate at 42-C, and exposed for 3 days at 



20 



25 
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-80'C. A higher stringency wash of 0.1 x SSC. 0.1% SDS at 65»C was also 
employed. 

Sequence analysis of the HBS6-1 done revealed a 420 bp open-reading frame 
DNA sequence encoding 140 amino-add residues with a calculaled relative 

5 molecular mass (M,) of 14.459 (SEQ. I.D. NO. 1). As shown in RGURE 2^ the 
sequence surrounding the predicted initialor methionine codon (GCCATQQ) 
agrees with the Korak consensus sequence as descrii>ed by K. Kozak (Nuc/ete 
Add Res.. 15:8125-8148. 1987). Also as shown In FIGURE 2A. the nearest in- 
frame stop codon was found IB bp upstream of this ATG. The nearest in- 

10 frame stop codon (TAA) upstream to the putative initiation methionine codon 
is marked by an asterisk. The temiination codon is marked by two asterisks- 
Sequences for X and Y peptides are boxed. Polyadenylalion signals are 
urKierfined. 

The deduced amino add sequence shows that the X and Y peptkJes are 
1 5 located immediately next to each other In the middle of the precursor protein 
NACP. Neither an apparent signal peptide sequence nor canonical minked 
glycosytation sites were found. 
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EXAMPLE 4 

1. «mJDIES OF THE AMINO A CID SEQUENCE TO DETEBMiMi 
m r?lffft Ti r'W f^ PRtrpiCTIVE OF SECONDARY STRUCTURE. 

Using the methods of P. Y. Chou, et al., Anna. Rev. Biochem.. 42:251-276 
(1978); G. D. Rose, Nature. 2ZE:586-590 (1978); J. Gamier, eta/.. J. MoL BioL, 
120:97-120 (1978). studies were conducted to determine sequence features 
predictive of secondary structure. TTiese studies indicate tfiat the NAC peptide 
sequence has a strong tendency to form a ^-sheet configuration, as does A/j. 

2. H YP"QPATHY TCSTIMQ OF T HE PRECURSOR PROTEIN fiAgP. 

Using the method of Kyte and Doolittle (J. Kyte and R.F. Doolitde, J. Mol. Biol., 
152:105-132, 1982) an analysis of NACP was perfomied using a window size 
9 and Prosis software liom Phannacia (Piscataway, NJ). The main 
hydropholJic domain of the deduced amino add sequence (amino adds 62 
through 90) was located within the sequence of the NAC proteins X and Y 
(amino adds 61 through 95). When the NAG protein was synthesized, 
aggregates and precipitates formed easily in aqueous solutions. These results 
Indicate that the precursor protein NACP is considerably more soli4)le in 
aqueous solutions (cytoplasm and other taodily fluids) than are the X and Y 
peptides assodaled with amyloid formations. 
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EXAMPLES 

WFfiTgBN Bt «T frMALYSIS OF NACP PRQTBN. 

Tissue homogenates vwere prepared from cytosolic fractions of frontal cortex 
from patients with typical and neuropathdogical features of AD obtained from 

5 the Alzheimer's Disease Research Center (San Diego. CA). Procedures for 
human brain preparation, electrophoresis, and Immunobtotting detection have 
been reported by E.Masliah.e( a/. (J. Afec/fosci. 10:2113-2124. 1990). Briefly, 
proteins were electrophoresed on a 16% SDSiPoIyacrylamide gel and 
transfenBd to a nitrocellulose membrane, immunoblolting detection was 

10 perfonned using anti-XI antibody (1:1500 dilution) and ^^rotein A. To 
absorb anti-XI antibody. 200 pg/ml XI fragment (SEQ. I.D. NO. 6) or the 
control peptide (EGYQDYEPEAC) (SEQ. I.D. NO. 8) were used. 

Western blot analysis with anti-XI antibody detected NACP as a Hfl, 1 9K protein 
mostiy in the cytosolic fractions as shown in FIGURE 3. lane 4. Unes 1 and 
15 6 of FIGURE 3 show E. coli transfected witti pSE380 vector as oonti^l; lanes 

2 and 5 show £ co// transfected witti pSENACP expressing NACP; and lanes 

3 and 4 show normal human braia A shorter exposure time was employed \oc 
lanes 1 to 3 compared WiUi lanes 4 to 6 because of Ngh background. 
However, tine M, 1 9K band was not observed in lartes 2 and 3 even after a 4 

20 times tonger exposure. 

The anti-Y antibody stained dozens of bands in addition to the M, 19K band 
(data not shown). Protein staining of the M, 19K band was abofished when 
eittier tiie anti-XI or the anti-Y antibody was preabsorbed with its 
corresponding peptide fragment as shown in FIGURE 3. lane 3. However, ttie 
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arrtl-X1 positive M, 40 band was not blocked by preabsorption and was not 
detected with antl-Y antibody. indlcaBng that this band is not specifto to NACP. 

To confinn the identity of the protein derived from brain homogenates, a NACP 
protein derived from the cDNA isolated in Example 3 above was produced in 

5 vitro. pHBS6-1 was digested with Aflll, frealed with Klenow polymerase to 
generate a blunt end, and then d^ested witti Ncol to release the coding 
region. This 1^ Ncol-Afill NACP cDNA fragment of Sequence I. D. No. 1 
containing the entire coding sequence and 3'-nontranslated region was ligated 
into a bacterial expresston vector. pSE380 (Invifrogen, San Diego. OA), 

10 previously linearized by digration with Ncol and Smal. The resultant vector 
pSENACP expresses NACP protein under the control of trp/lac fusion promoter 
which Is inducible with IPTG. pSENACP was amplified in E. coli HB101 using 
techniques as described in Sambrook. supra and others. A vector pSE380 
vrftiiout NACP cDNA was also ti-ansfected in E coG as a control. In Western 

15 Btot analysis as shown in RGURE 3. lane 3. the bacterially expressed protein 
of M, 19K comigrated witii the homogenate-derived protein, confirming the 
identity of tiie homogenate-derived protein. 

EXAMPLES 
SgQUEMCE ANALYSI S OF NACP PROTEIN 

20 The amino acid sequerK» of NACP was examined for distinctive structural 
features. As shown in FIGURE 4A, the NACP protein is characterized by 
repetitive motife. The KTKEGV motif is repeated seven times, but tiie amino 
acid positions 2 to 6 are sometimes substituted. In addition, as shown in 
FIGURE 4B. amino adds 48-56 and 70-78 of the I^CP protein are 

25 homologous. 
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In addition to these repetitive motife within the NACP protein, a computer 
homology search (FASTA program, in the UCSD BAX/VMS DIMA protein 
sequence analysis system) of the DNA sequence data base (EMBl7GenBanl< 
Ubrarles) has discovered homology between NACP and EST01420. a protein 

5 recently identified by random sequencing of human brain cDNA (M. D. Adams. 
et al.. Nature, ^:632-634, 1992). Comparison of the DNA encoding these 
proteins expressed in the human brain, as shown in RGURE 4C. showed 74% 
identity in 124 nucleotides resulting in 80% identity in a 41 amino add residue 
from the initiation methionine. Therefore, the two cDNAs are substantially 

10 homologous in the N^emoinal region, but the EST01420 sequence has the 
tennination codon at base pair position 206, and, therefore, could encode only 
51 amino adds. The high degree of homology In the cDNA encoding these 
peptides expressed in the brain suggests that isiACP may be a member of a 
heretofore unknown gene feimily. 

15 EXAMPLE 7 

MQRTHERN BLOT ANALYSIS OF NA CP MRNA 

Procedures for RNA preparalton. electrophoresis, and hybridlzatlori have been 
described previously (T. Saitoh, et al., Cell, §8:615-622, 1989). Briefly, total 
RNA was isolated fi-om different human tissues as described in CNrgwin, J.M., 
20 eta/. {Bioc/»em/sfiy. 12:5294-5299. 1979). RNA (10 /.g) vwas electrophoresed 
on a 1% formaldehyde-agarose gel and blotted to a nitrocellulose membrane. 
Hybridization was carried out in 50% fbrniamide. 5 x SSPE. 5 x Denhardt's. 
0.5% SDS. 100 Mg/ml denatured salmon sperm DNA. and 10% dextran sulfate 
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at 42'C for 1 5 hr with '^-labeled 1 .1 -kb NACP cDNA which Includes the X and 
Y sequence with a 3'-noncoding sequence. The membrane was washed wHh 
0.1 X SSPE, 0.1% SDS at 42'C. and exposed for 3 days at -80"C. A higher 
stringency wash of 0.1 x SSC. 0.1% SDS at 65-C was also employed. A 
5 Northern blot was obtained from Clontech (Palo Alto, CA. #7760-1 . Lot 32409). 
Hybridization and wasNng conditions for this blot followed the suggestions of 
the mcHiufacturer. 

As shown In FIGURE 5, Panel A was probed with NACP cDNA and. as a 
control, panel B was probed with glyceraldehyde-3-phosphatB dehydrogenase 
10 (GAPD) cDNA (ATCC, #57090). Briefly, the membrane was washed with 0.1 
X SSPE. 0.1% SDS at 42"C, and exposed for 3 days at -80-C. The same 
pattern of signals was obtained after a higher stringency wash with 0.1 x SSC. 
0.1% SDS at 65«C. 

Two principal transcripts of 3.6 and 1 .5 kb were found most enriched in brain, 
1 5 with lower concentratkxre In aB tissues examined except In Bver as shown in 
FIGURES 5A and 5B. Comparable patterns of mRNA were observed In both 
normal and AD neocortex and cerebellum as shown In FIGURE 5D. Since 
HBS6-1. Is 1560 nudeotkJes tong it probably corresponds to the shorter 
transcript. A minor 1 kb band visible in HGURE 5 D is beBeved to represent 
20 a transcript with a shorter 3" non-coding regton resulting from the use of 
polyadenylation signals at 1023 bp or 1079 bp. It was discovered that the ratio 
of the different-sized transcripts varies depending on the age and origins of 
tissue employed as shown in FIGURE 5. The presence of the 3.6 kb transcript 
for NACP may be explained by an alternative splicing mechanism that is under 
25 developmental and/or tissue spedTtc regulation. 
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EXAMPLE8 

MAC PEimDF AGGREGATIO M AMD WESTFRN BLOT ANALYSE 

A solution of synthetic NAC peptide (SEQ.ID.No.3) at a concentration of 600 /iM was 
made in 50 mM boric buffer at pH 9^ TTie solution was centrituged at 100.000xg 
5 fori hr and the supernatant was collected, neutralized by 15 N hydrochloride in 10 
X PBS, and dButed In 1 x PBS (pH 7.4). 

The aggregation of synthetic NAC peptide was foBotwed by measurement of turbidity 
according to techniques known in the art to e.g.. Jarrett. ef a/., Biochemlsby. 
31:12345-12352 (1992): and. Jarrett, otal., Cell. 73:1055-1058 (1993)). Turbidity was 
10 measured at 400 nm daily for 7 days under the following two conditions: 1) various 
concentrations of NAC peptide: 10, 30, tOO, 300 mM at 37-C. and 2) 300 of NAC 
peptide at various temperatures: 4% 22*. and 37'G. THe peptide 
solutions/suspensions were mixed gently before each absorbance measurement 

The size of the aggregated NAC pepHde was estimated by Western blot using 
15 anti-NAC-XI. Six aliquots of peptide solution were prepared in boric buffer, 

lyophilized. and dissolved in water, neutralized, and diluted with PBS (phosphate 

buffered saline) to a final concentration of 300 /»M. They were kept at 37»C for 0, 1 . 

2, 3, 5, or 7 days, dissolved in LaemmD sample buffer (Laemmll. U. K., Nature. 

227:680-685 (1970)). electrophoresed on 16% Trldne-SDS-polyacrylamlde gel, and 
20 transferred to PVDF membrane for Western blot analysis. 

NAC peptide was solubllized in 50 mM boric buffer (pH 9.2) although it was also 
soluble in fonnic add and 6 M guanldinium thiocyanate. NAC peptide aggregated in 
distilled water and PBS. Turbidity at 400 nm of NAC peptide solution in PBS 
Increased with lime. As shown in FIGURE 6 A, this Increase was dependent on both 
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the concentration of NAC peptide and tlie temperature (FIGURE 6 B). At Day 1, 300 
/iM ^4AC peptide was required for the appreciable aggregation, whereas al Day 2 100 
fiM NAC peptide started to aggregate. The aggregation of NAC peptide at less than 
30 fiM was never remarkable. The aggregation of NAC peptide at 22 'C was 
5 comparable to that at 37 'C, although at 4 'C the aggregation was markedly delayed. 

In Western blot, the monomer NAC peptide migrated to the apparent molecular mass 
of 3500 Da (FIGURE 7). The signal intensity of the 3500 Da band wa© significantly 
decreased on Day 5 and 7. Aggregated NAC peptide was found at the top of the gel 
from Day 1 . This signal inoreased to a maximum at Day 2-3. No Intenmedlate-slze 

10 bands detected by antl-NAC-Xl were obsen^d. Thus, antl-NAC-1 recognized NAC 
peptide but not its precursor, NACP, In both dot and Western blot analysis. These 
findings indicate that this antiserum is sensitive to both the sequence and the 
confomiatlon, allowing the detection of only NAC peptide but NACP that surety 
contains the NAC peptide sequence. However, anh'-NAC-XI is not simply the 

1 5 confonnatipnal antibody, because it did not detect Ab blotted under the comparable 
conditions. Antl-NAC-X1 stained amyloid cores in AD brain. These data Indicate that 
NAC fragments, whtoh are shorter than NACP and have the similar structure as NAC 
peptide, accumulate In amyloid, and that they are Immunolo^catly idenfical to NAC 
peptide but distinct from NACP. 

20 EXAMPLE 9 

CONGO RED STAINING AND BIREFRINGENCE 

Four hundred microliters of NAC peptide solution/suspension (300 /*M) at pH 7.4 was 
stored over 2 weeks at 37*C to promote Its aggregation. The sdution/suspendon 
was centrifuged at 16,000 x g for 30 mln. "Rie precipitate of peptide fibrils was 
25^ coBected, mixed In 1 ml of PBS solution conteuning 1 mM Congo red for 1 min, 
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centrifuged at 16,000 x g for 5 min, and recollected. It was rinsed wHh 1 ml of 
distDled water for 1 mIn, and centrifuged at 16,000 x g for 5 minutes. The peptide 
predpttale was placed on a glass microscope slide and allowed to dry. Birefringence 
was detemiined wWi an Olympus fluorescence microscope (model BHF) equipped 
5 with a polarizing fitter apparatus (model BH-POL). 

The tiAC peptide aggregate was stained by Congo red. It exhibited green-goW 
birefringence when viewed with bright-field (FIGURE 8 A) and cross^)olarizatlon 
(RGURE 8 B) microscopy. The stained peptides appear in the FIGUHES as bright 
patches. 



,0 gXAMPLf 10 

gCTBOMMICB OSCOPIC OBSERVATION 

Electron microscopy of aggregated MAC pepfide revealed dusters of fibrils deposited 
from the peptide suspension (FIGURE 9). The diameter of fibrils was generally about 
anA. The repealed stnjctures were found in the fibrils. The structure of MAC peptkte 
16 fibrils was different from that of Ab in AD brain. 

Based on the above^«ferenced data, it was detennined that the tMAC peptide has the 
following characteristics of amyloid: 1) green birefiingence after Congo red staining 
when viewed with a polarizing microscope; 2) a typical structure under the electron 
20 microscope (fine, rigid, nonbranching fibrils); 3) insolubility In aqueous solution. 
Further. NAC was determined to be self-aggregating. 
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However, tt is important to note that the amyloid found In the iMraIn tissue of patients 
wtfith AD when viewed with electron microscopy is different from that formed l)y IMAC 
aggregation. Thus, it Is lilraly that ISIAC can not explain the global process of amyloid 
formation in AD. Rather, It is speculated that NAC is Involved in only the initial 
5 process of amyloid fonnation and the mejor process of amylddogenesis Is due to the 
accumulation of Ab aggregation. Thus, NAC may serve as a seed to torn amyldd 
as a minor component, on which Ab aggregate as a major component of amyloid. 
Further Investigation wfll investigate the possibility that IMAC may contribute to the 
process of Ab aggregatbn and amyloid forming and maturing. 



Usmgthe streptavidln-blolin-peroxidase (SAB) staining method, rat brrfn sections were 
stained by anti-NACP(131-140; SEQ.ID.No.6) and anti-IMACP(1-9; SEaiD.No.8) 
antisera Briefly, Sprague-Dawiey rats weighing 250- 300 g were deeply anesthetized 

15 lay sodium pentobartrftal (Nembutal, Abbott laboratories, North Chicago. IL), perfused 
transcardiedly with 4% parafonnaldehyde In PBS tor 20 min, and the brain was 
removed and immediately placed in a postftealive, 4% paiafonnaldehyde solution, for 
4 days at 4"C. The brain was immersed in a 30% sucrose solution in PBS for 4 days 
at 4*C, frozen in -40'C hexane. and cut into ^lon sections using a cryostat at 

20 -20'C. 

immunoWstochemlstry was perfonned according to the modified SAB method. 
Sections were rinsed for 3 x 5 min in PBS. Incubated for 10 min in PBS including 
0.1% Triton X-100, and incubated for 20 min with 3% H202 to inhibit endogenous 
peroxidase. They were then incubated for 10 min with 10% nomial goat semm (NG^ 
25 (Nichirel. Tokyo, Japan) In PBS and incubated for 18 hr at 4'C with 



10 



EXAMPLE 11 

DiSTRIBUnOiyi OP WACP Ot »|AT BRAIN SECTIONS 
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antl^CP(1 31-140) or anti-NACP(1 -9) antiserum In PBS 

were rinsed for 3 x 5 min in PBS and Incubated with blotinylated goat antHabblt-IgG 
solution (Nlchlrei, Tokyo. Japan) for 10 min. They were then rinsed tor 3 x 5 mIn in 
PBS. incubated with stieptavldini>eioxldase solution (Nlchlrei, Tokyo. Japan) for 5 
5 mm. and rinsed for 3x5 min in PBS. NACP-posith/e structures were visualized by 
incubating the tissue in 0.05% diaminobenzidlne wHh 0.01% H202 In 0.61 M 7t\slHO 
buffer (pH 7.4) for 5 - 15 min. Specificity of the Immunohlstochemlcal reaclton was 
confirmed by the absence of staining in adjacent tissue sections incubated with 
preabsorbed amfeerum. 

10 DoubieHmmunostalning was perfomied with antisera against I^CP and 
synaptophysin as described previously (Masliah. ef aL. Exp.NeuroL, 113:131-142, 
1991). After treatment with 0.1% Triton X-100 and 3% H202. sections were 
Incubated fori hrwith 5% normal hoise serum (NHS) (Vector Labs. Inc. Buriingame. 
CA ), 10% NQS (Vector Labs, inc.), and 2% BSA m PBS. They were then incubated 

15 for 16 hr at 4'C with the mixture of mouse monoctonal antibody against 
synaptophysin (Sy38. Boehringer Mannheim. Indianapolis. IN) (Wiedenmann and 
Franke. Cell. 41:1017-1028. 1985) and rabbit polyctonai antisera, anti4MACP(131-140) 
or anti-NACP{1-9). in PBS containing 3% NHS. NGS. and BSA. Sections were rinsfed 
for 3 X 5 min in PBS. incubated tor 1 hour with blotinylated goat anti-rabblt-IgG in PBS 

20 including1%BSA.andrinsedfbr3x5mininPBS. They were then Incubated for 80 
minutes with TexawedJabeled avidin (Vector Ubs. Inc.) and fluorescein 
isothiocyanate (FITCHabeled horse anti-mouse-IgG antibody (Vector!^, he.) m 
PBS including 1% BSA and rinsed fbr 3 x 5 min in PBS. The doubleJabeled sections 
were covered with glass coversllps with antlfading medium (Vector Labs. Inc.). 
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These secfions were observed wdth Ihe Bio-Rad MRC-600 laser confbcal scanning 
microscope mounted on a mean Optlphot microscope. This system pennits the 
simultaneous analysts of dout)le-labeled samples in the same optical plane. The 
digitized video Images of 8«ial 1-^m optical sections were stored on an opdcal disk 
5 for subsequent processing and analysis. 

For ^ectron microscopic study, 40-/im vDxatome sections were blocked with NGS 
(5%) and incubated overnight at 4"C with anti-NACP(131-140). The sections were 
washed in PBS, hctAated vwth biotmylated goat antiH-abblt IgG foRowed by avidin 
D-HRP (Vector ABC elite. VecttMr Labs. Inc.). and reacted with diamniobenzidine (DAB; 
10 0J2 mg/ml) in 50 mM Tris buffer (pH 7.4) with 0.001% H202. The immunostained 
sections were postfixed for 20 rain fr» 1% Os04, dehydrated, and flat embedded in 
epoxy/Araldite. UitratNn sections were cut with a Reidiert OM-U3 ultranrfcrotome and 
viewed with a 100 CX JEOL electron microscope. 

15 The Intensliy of stairvng with anfi-NACP(131-140) was relatively strong in the gray 
matter of the cerebral cortex (layers H, III. and V), anterior olfactory nucleus, caudate 
putamen, nucleus accumbens, hippocan^ius, ventral tegmental area, substantia nigra, 
pontine nud^. and cerebellar cortex as shown macroscofMcally in FIGURE 10 A. The 
steinlng pattern of sections using antl-NACP(1-9) antlsera vtas Weritical to that of 

20 antl-NACP(131-140). TWs stdning was abolished by preincubation of the antlsera 
with the correspond'ffig peptide. 

The results of microscopk: observation of the sections stained using the SAB method 
are shown In FIGURES 10 B-D. in cerebellum (FIGURE 10 B). the mdectdar layer and 
granule cell layer were stained, but the meduOary layer and the Purkinje cea perikarya 
25 were not stained. In both the molecular and granule cell layers, the perikarya of cells, 
including stellate, basket, Golgl, granule, and gBal ceUs were not stained. An 
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intermediate region where neurftes were extended was stained with a "punctate" 
pattern. In hippocampus (FIGURE 10 C) and cerel>ral cortex (FIGURE 10 D). cell 
perikarya were not stained and neurltes were stained showing "punctate" staining 
pattern similar to the molecular layer of the cerebellum. No ependymal or mantle 
5 cells were stained in any region. 

Laser scanning confbcal microscopic analysis of sections double Immunolabeled with 
antibodies against NACP and synaptophysin showed that both maikers colocalized 
in the great malorily of the presynaptic terminals (FIGURES 11 and 12). In the 
neocortex, hippocampus, basal ganglia. oHactoiy region, and thalamus, between 70 

10 and 100% of the axosomaUc, axoaxonic, and axodentritic temilnals contained both 
markers (FIGURE 12). In contrast, In the deep cerebellar nuclei and brain stem 
nuclei, ^ough synaptophysin and NACP oolocalization in axodendritic temilnals was 
relatively common, only a small proportkm of the axosomatfc temiinals contained 
NACP (FIGURES 11 and 12). In both cortical and subcortkai regions a small 

15 proportion of terminals was synaptophysin positive and NACP negative (FIGURE 12). 
Occasionally, punctate structures displayed NACP immunoreacBvily but not 
synaptophysin reactivity. Serial section analysis showred that these neuritic structures 
actually corresponded to the temiinal segment of axons. Abundant NACP 
immunoreactivity was obsenred associated with spedalbed synaptic complexes 

20 including the glomeruli of the olfactory bulb (FIGURE 1 1 D-F) and the gtomerutt of 
the cerebeflar granular layer (FIGURE 11 G-l). At the ultrastoictural level (shown by 
Immunoelectron microscopy), the membrane of synaptic vesicles in presynaptfc 
temiinals were stained by anti-NACP(131-140) (HGURE 13). 



9/20/2005, EAST Version: 2.0.1.4 



wo 95/06407 



PCT/USW/09789 



-79- 
EXAMPLE 12 

QUANTinCATIOii OF MACP- APP AMD S YNAPTOPHYSIN 
^ JM RAT BRAIN SECTIONS 

Brains of young adult Sprague-Dawley rats weighing 250 - 300 g were separated into 
5 10 portions as follows: olfentory bulb, frontal cortex, striatum, hippocampus, 
hypothalamus, thalamus, mldbrsdn, cerebellum, pons & medulla oblongata, and 
pituttary glaid. For APP and synaptof^in quanUflcatlon, 40 /tg protein of either 
cytosoKc or particulate fraction was loaded on a 10% SDS-polyaaylamide gel and 
blotted to nitrocellulose membrane. The mouse monodonai antibody against the 
1 0 N-temiinai of APP (22C1 1) (Boehringer Mannheim) (Weldemann. et al.. Cell, 57:1 1 5- 
126, 1989) or SY3B (Boehringer Mannheim) in PBS, inducfing 1% BSA and 0.1% 
Tween20, was used as the primary antibody, followed by rabbtt anti-mouse IgG 
polydonai antibody (Aocurate Chemical and Sdenfiflc Corp., Westbuiy. NY) at the 
dilution of 1 :2000 in PBS Including 3% BSA for 1 hr, then incubated with as i»Ci/hil 
15 lodlnated protein A and apposed to Kbdal« X-Omat HP film at -80'C. 

Rims were then developed with a Itoraca film developer and scanned with an LKB 
densitometer for quantification of the NACP bands and APP bands. X-ray film was 
exposed to membrane to give bands In the CD range between 0.8 and 2.5 where the 
sensitivity of the film is relatively linear. 

20 

immunoreactive NACP protein bands were detected as a moiecuiar mass of 19.000 
Da In the cytosolic fraction of brain homogenate. Snce APP protein bands were 
obsen^d at molecular masses of 75.000 - 105,000 Da In the cytosolic fraction and 
at molecular masses of 100,000 - 115,000 Da In the parficulate fraction by 22C11, a 
25 monoclonal antibody against APP (Weidemann, et a/., 1 989. supm), the sum of signal 
intensity in both fractions was used as the amount of APP. Synaptophysin protein 
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bands were observed vwth a molecular mass of 38,000 Da In the particulate fraction 
of brain sample by a mouse monoclonal antibody, SY38. 

As shown In HGURES 14 through 16, the concentration of NACP was high In the 
telencephalon (end-btaln areas), Including the olfactory bulb, ftontal cortex. striaUim, 
5 and hippocampus, intermediate In the hypothalamus and thalamus, and low In the 
midbrain, cerebellum, pons & medulla oblongata, and pituitary gland. APP and 
synaptophysin were more evenly distributed In most portions of brala However, the 
amount In the pituitary gland was smaH. 

EXAMPLE 13 

10 ALTEBATIOM OF MACP IN AD BRAIN TISSUE 

As described In Brample 1 . AD brain tissue was obtained from the frontal cortex of 
patients wrtth typical clinical and neuropathological features of AD (supplied by the 
Alzheimer's Disease Research Center. San Diego. OA). Using the double 
immunoledoeiing and laser confbcal microscopy techniques described m the preceding 
15 Examples, the quantity of NACP in presynaptic temilnals, as well as dIBuse and 
mature amyloid plaques, was compared in tissue from AD brain and •norniaT brain 
tissue. 

Interestingly, the number of NACP containing presynptic terminals is significantly 
decreased In AD brain tissue as compared to nonnal brain tissue-by 30-40% 
20 (FIGURES 15 through 16). Further, ailhough the overall synaptic populalions are 
decreased In AD brain tissue, there is a significant Incr^se In the quantity of IMACP 
presem In each presynaptic bouton of AD brain tissue, Indicafing a compensatory 
medianism for the loss of synapses (FIGURES 15 through 1 6). 
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tn addition, anti-NAC antibodies (as described elsewhere above) bound about 35% 
of the diffuse plaques and about 55% of the mature plaques present in the AD brain 
tissue tested (RGURE 17). Double immunolabeiing of tissue vtnth anti-/9-amylcrid 
antik>odles and anti-NAC antibodies showed tliat MAC Is also more abundant than ^- 

5 amyloid in AD brain tissue (FIGURE 18). Further, control tissue samples obtained 
from elderly persons without AD but whose brain tissue contained relatively small 
groups of diffuse plaques did not react with anti-NAC antibodies, while tissue samples 
obtained from persons suffering from either early or advanced c^ses of AD tttat 
cmtained a relatively large number of diffuse plaques e& well as mature plaques 

10 reacted strongly with antl-MAC antibodies In about 30-50% of the plaques (FIGURES 
16 and 18). These studies indicate that there is a connection between metabolism 
of presyr^c proteins (e.g., NACP) and plaque formation, and that MAC 
accumulation (m corqunction with ^-amyloid accumulation) leads to the evolution of 
diffuse plaques into mature ones. 

15 . EXAMPLE 14 

NACP HOMOLOGdES 

As discussed in the Detailed Description of the InvenHon, a computer search of the 
DISIA sequence data base (ElMBiy GenBank libraries) revealed tlrat some proteins had 
homologous sequence to NACP. Rat synudein (SYN1) showed the highest 

20 homology; 7 amino adds were substituted in 140 amino add sequence In NACP. 
More spedficaBy, the NACP amino add sequence showed 95% identity with that of 
rat synudein 1, a synaptic/nudear protein previously identified in rat brain, indicating 
that NACP is the human homologue of rat synudein 1 . Rat SYN2 also showed high 
homology to NACP, howevere, approdmate 50 amino add sequence of C-terminal 

25 was different Rat SYN3 and human EST01420 identified by random sequendng of 
human brain cDNAs (Adams, ef a/.. Nature, 355: 632-634, 1992), had homologous 
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sequence to N-terminal portion of NACP. but neither of them included MAC portion. 
TorpedB synudein also showed homologous sequence with 16 amino adds insertion 
between the residue 28 and 29 of NACP. Homo sapiens putaHvely transcribed partial 
sequence (HSPTPS). found by MRC Human Genome Mapping Project, had 
5 homologous sequence corresponding to NAC portion of IMACP. TTiese data suggest 
that the metabofic alteiations of presynaptic proteins are associated with the amyloid 
and pteque fc>rmation in Alzheimer's disease. 

EXAMPLE 15 
ANIMAL MODFL FOR IN Vfi fO ADMINSTRATIQN 
10 OF luAMYLDID PgPTIDES US PPUL IM TESTING 

THg ABIUTY OF WA C/MACP PEPTIDES TP CROSS 
TWP BLOOD/BI^AIM BARRIER IM MAMMALS 

^-amyloid peptides of differing lengths as described below were administered to rats 
to determine whether the peptides would cross the bioodA)rain barrier in mammals. 
15 The experimental animal models consisted of 6 groups as follows: 

1) Rats injected unilaterally in the neocortex with 5 /J of lulHenglh unlabeled p- 
amyloid (1-40, 0.01 mM, Bachem). foHowed 1 day later by intracarotid injecHon of 
substance P (1 00«)0 pmol. NEN) or p-A peptide (1 -28, 5 nmol. unlabeled peptide 
from Sigma Chemical Co. and lodlnatlon using DuPont's NEN iodlnation product); 2) 

20 rats Injected unilaterally m the neocortex wHh 5 ^1 of unlabeled p-amyloid (1-40. aoi 
mM) followed 1 day later by intracarotid Injection of '==1 alone; 3) rats Injected 
unilaterally in the neocortex with 5 ,il of unlabeled />-amyloid (1 -40. 0.01 mM). followed 
1 day later by intracarotoid injection of '^^i substance P (100500 pmoO or M 
peptide (1-28, 5 nmoi); 4) rats iniected unilaterally In the neocortex with 5 /J of sterile 

25 saline, followed 1 day later by Intracarotid injection of '^^i substance P (100^ pmol) 
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or ^^1 ^-A peptide (1-28, 5 nmoQ; 5) rats Ir^ected unilaterally in the neocortex with 5 
fi\ of sterile saline, followed 1 day later by intracarotid injeclion of sterile saline; 6) rats 
injected unilaterally in the neocortex with 5 pi of unlabelled ^-amyloid (1-40), followed 
1 day later with labelled and unlabelled substance P and ^ peptide (1-28) ifijecled 
5 in the carotid artery. 

Control data yms generated from cryostat sections taken from the cortex of nonmal 
and AD cases which were incubated with radiolabelled and unlabeBed ^-amytoid and 
substanceP. Use of intracerebral injecifons of arnyloid Into the rat brain as an anh^^ 
model mimtes the deposits of amyloid in the plaques of the patients with AD. 

10 Although this animal model is not a model of AD per se, it is a model of amyloid 
deposits in the brain, which Is one of the most important diagnostic hallmarks of AD, 
This artimal model wiU, therefore, be useful in testing whether NACANACP peptides 
administered as described with respect to ^amyloid p^fitWes wiB cross the 
biood/brain t>aiT!er. 

15 EXAMPLE 16 

fl-A PEPTIDE fi-gg^ PASSAGE ACROSS THE BLOOD/BRAIN 
BARRIER TP BIND UNLABELLED BrAmiQV> 

Five hundred fd of ^^1 /^amyloid (1-28) (5^iCi/ml) were administered into the carotkl 
arteries of rats. Five minutes after the injection about 100 CPM were measured In 
20 brain samples. Maximum counts in the brain were recovered 50 minutes after 
injecfion because the number of CPM recovered from the bredn reaches a plateau at 
this point in time. 
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Rats that received direct iniection of '^Sip-amyloid (1-28) into the brain displayed the 
Wghest CPM's recovered from the brain. Rats that received ^-amyloid (1-28) Into 
the carotid artery and that previously received an injection of unlabelled ^-amyloid (1 - 
40) into the neocortex displayed a 100 fold higher count in the brain compared with 
rats that received an injection of saline alone in the brain followed by intracarotid 
adminlslration of ^^1 ^-amyloid (1-28). Control experiments where ^j-amylold (1- 
28) was substituted by vehicle alone showed only background CPM's. thus Indicating 
that ^-amyloid (1-28) Injected Into the circulation crossed the blood/brain barrier 
and t>ound the unlabelled amyicrid Injected in the tsnin. 

As discussed In the Detailed Description of the Invention, these lesuRs indicate that 
NAC/NACP pepfides of 28 ammo adOs in length or shorter will also cross the 
blood/brain barrier. 

The CRM measurements reported were obtained by spectrophotometric analysis of 
fresh samples of brain tissue (taten from living, anaesthetized rate). For comparison, 
ciyostat secBons were also taken from rats in each model group for to wbb analysis 
using the AMBIS 4000 radtohnaging acquisitkw and analysis system (ue., computed 
tomography system) (AmUs, San Diego. OA). 

The foregoing description of the invention is exemplary for purposes of ffluslration and 
explanation, it should be understood that various modlflcaltons can be made without 
departing from the spirit and scope of the invention. Accordingly, the fblkjwing claims 
are intended to be interpreted to embrace all such modifications. 



9/20/2005, EAST Version: 2.0.1.4 



WO95»6407 PCT/OS94A»789 

■85- 

SEQUKHCE LISTING 



(1) GENERAL lenTOBMAlTIOH: 

(i) APPLICAHT: THE REGENTS OF THE UNIVERSITT OF CALIFORNIA 

(li) TITLE OF INVENTION: NOVEL COMPONENT OF AM7L0ID IN 
5 ALZHEIHER'S DISEASE AND HETHODS FOR USE OF SAKE 

(ill) NUHBER OF SEQUENCES: 12 

(Iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Spexisley Horn Jubas & Lubltz 

10 (B) STREET: 1880 Century Park East - Suite 500 

(C) cm: Los Angeles 

(D) STATE: California 

(E) COUNTRY: USA 

(F) ZIP: 90067 



15 (v> COMPUTER READABI£ FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTUARE: Patentln Release pl.O, Version #1-25 



20 (vi) CURRENT APPUGATION DATA: 

(A) APPLICATION NDMBER: FCT 
(B> FILING DATE: 29-AUG-1994 
(C) CLASSIFICATION: 

(vlii) ATTORNEY/AGENT INFORMATION: 
25 (A) NAME: Howells, Stacy L. 

(B) REGISTRATION NUMBER: 34,842 

(C) REFERENCE/DOCKET NUMBER: FD-3520 

(ix) TELECOMHUNICATION INFORMATION: 
(A) TEI£PHONE: <619) 455-5100 
30 (B> TELEFAX: (619) 455-5110 
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(2) INFORMATION FOR SEQ ID N0:1: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1560 base pairs 

(B) TYPE: tmcleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: UNA (genomic) 



(vii) IMMEDIATE SOURCE: 

<B) CLCnSE: cDNA for NACP 

10 (ix) FEATURE: 

(A) NAME/KEY: misc_RNA 

(B) LOCATION: 1. .1560 



(xi) SEQUENCE DESCRIPTION: SEQ ID N0:1: 

GCTCTC6GAG TCGCCATTCC ACGACAGTGT GGTGTAAAGG AATTCATTAG CCATGGATGT 60 

1 5 ATTCATGAAA GGACTTTCAA AGGCCAA6GA GGGAGTTGTC GCTGCTCCTG AGAAAACCAA 120 

ACA6G6TGTG GCAGAAGCA6 CAGGAAAfiAC AAAAGAGGGT GTTCTCTATG TAGGCTCCAA 180 

AACCAAGGA6 GGAGT6CT6C ATGGTGTGGC AACAGTGGCT GAGAAGACCA AAGAGCAAGT 240 

GACAAAT6TT GGAGGAGGAG TGGTGACGGG T6TGACAGCA GTAGCCCAGA AGAGAGTG6A 300 

GGGACCA66G ACCATTGCAG CAGCCACTGG CTTTGTCAAA AAGGACCACT TCC6CAAGAA 360 

20 TGAAOAAOGA 6CCCCACAGG AAGGAATTCT 66AA6ATATG CCT6T6GATC CT6ACAAT6A 420 

GGCTTATGAA ATGCCTTCTG AGGAAGG6TA TCAAGACTAC GAACCTCAAG CCTAAGAAAT 480 

ATCTTTGCTC CCAGTTTCTT 6AGATCT6CT GACAGATGTT CCATCCTGTA CAAGTGCTGA 540 

GTTCCAATGT GCCCAGTCAT GACATTTCTC AAA6TTTTTA CAGTGTATCT CGAAGTCTTC 600 
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CATCAGCACT GATTGAAGTA TCTGTACCrrC CCCCCACTCA GCATTTCGGT GCTTGCCTTT 660 

CACTGAAGTG AATACAIGGT AGCACGGTCT W6TGTGCTG TCGATTTTGT GGCTTCAATC 720 

TACGATGTTA AAACAAATTA AAAACACCTA AGTGACTACC ACTTATTTCT AAATCCTGAC 780 

TATTTTTTTG TT6CTGTTGT TCAGAA6TTG TXAGTGATTT GCTATCATAT ATTATAAGAT 840 

TTTTAG6TGT CTTTTAATGA TACTGTCTAA GAAIAATGAC GTATTGTGAA ATTT6TTAAT 900 

ATATATAATA CXTAAAAATA TGT6AGCATG AAACTAT6CA CCXATAAAIA CTAAATAT6A 960 

AATTTTACCA TTTT6C6ATG TGTTTTATTC ACTTGTGTTT CTATATAAAT GGTGAGAATT 1020 

AAAATAAAAC CTTAICTCAT TGCAAAAATA TTTTA!rTTTT AXCCCATCTC ACTTTAATAA 1080 

TAAAAATGAT GCTIAIAAGC AACAT6AATT AAOAACTGAC AGAAAGGACA AAAAXATAAA 1140 

GTTATTAATA GCCATTT6AA GAA6GAGGAA TTTTAGAAGA GGTAGAGAAA ATGGAACATT 1200 

AACCCTACAC TCGGAATTCC CT6AAGCAAC ACTGCCA6AA GTGTGTTTTG GTATGCACTG 1260 

GTTCCTEAAG TGGCTCTCAT TAAITATTGA AAGTGGGGTG TrGAAGACCC CAACTACTAT 1320 

TGTAGAGTGG TCTATTTCTC CCTXCAATCC TGTCAAT6TT TGCTTTAT6T ATTTTGG66A 1380 

ACTGTTGTTT 6AT6TGTATG TGTTrArAAT TCTTATACAT TTTTAATTGA 6CCTTTTATT 1440 

AACATATATT 6TTATTTTT6 TCTCGAAATA ATTTTTTAGT TAAAATCTAT TTTGTCT6AT 1500 

ATTGGTGTGA ATGCT6TACC TTTCTGACAA TAAATAATAT TCCACCATGA AAAAAAAAAA 1560 

(2) XNFORHATIOK FOR SEQ ID NO: 2: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 140 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
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(11) MOLECULE TYPE: protein 



(vll) mHEDIATE SOURCE: 
(B) CLONE: N&CP 

<lx) FEATDBE: 

(A) BAHB/KET: Protein 

(B) LOCATION: 1..140 



(xl) SEQUENCE DESGRIPTIOH: SEQ ID 110:2: 

Uet Asp Val Phe Het Lys Gly Leu Ser Lye Ala Lys Glu Gly Val Val 
1 5 10 15 

Ala Ala Ala Glu Lys Tbr Lys Gin Gly Val Ala Glu Ala Ala Gly Lys 
20 25 30 

Ihr Lys Glu Gly Val Leu Tyr Val Gly Ser Lys Thr Lys Glu Gly Vel 
35 40 *5 

Val His Gly Val Ala Ihr Val Ala Glu Lys Thr Lys Glu Gin Val Thr 
50 55 60 

Asn Val Gly Gly Ala Val Val Thr Gly Val Thr Ala Val Ala Gin Lys 
65 70 75 80 

Thr Val Glu Gly Ala Gly Ser lie Ala Ala Ala B»r Gly Phe Val Lys 
85 90 95 

Lys Asp Gin Leu Oly Lys Asn Glu Glu Gly Ala Pro Gin Glu Gly He 
XOO 105 110 

Leu Glu Asp Met Pro Val Asp Pro Asp Asn Glu Ala Tyr Glu Met Pro 
115 120 125 

Ser Glu Glu Gly Tyr Gin Asp Tyr Glu Pro Glu Ala 
130 135 1*0 



25 
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(2) INFQBlUlTIOSr FOR SEQ ID NO: 3: 

(1) SEQUENCE CHARACTEELISTICS: 

(A) LENGTH: 35 amino acids 

(B) TYPE: amino acid 

5 (C) STBANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TTFE: peptide 



(vii) IMMEDIATE SOURCE: 
(B) CLONE: SAC 

10 (ix) FEATURE: 

(A) NAME/KE7: Peptide 

(B) LOCATION: I.. 35 

(xi) SEQUE39CE DESCEaPTION: SEQ ID NO: 3: 

Glu Gin Val Thr Asn Val Gly Gly Ala Val Val Thr Gly Val Tbr Ala 
15 1 5 10 15 

Val Ala Gin Lys Thr Val Gin Gly Ala Gly Ser He Ala Ala Ala Thr 
20 25 30 

Gly Fhe Val 
35 

20 (2) INFOBMATION FOR SEQ ID N0:4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) I£NGTH: 20 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 
25 (D) TOPOLOGY: linear 

(ii) HOLECULE TYPE: peptide 
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(vll) IMHEDXA^TE SOORCE: 

(B) CLONE: Peptide X 



5 



(Ix) FEA.TDBE: 

(A) NAME/KEY: Peptide 

(B) IjDCATION: 1..20 



(xl) SEQUENCE DESCRIPTION: SEQ ID N0:4: 

Glu Gin Val Thr Asn Val Gly Gly Ala Val Val Thr Gly Val Thr Ala 
15 10 15 

Val Ala Gin Lys 



(2) INFOBHATION FOR SEQ ID NO: 5: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 amino acids 

(B) TTPE: amino acid 

<C) SISANDEDNESS: single 
(D) TOPOLOGY: linear 

<ii) MOLECUUE TYPE: peptide 



(vii) IMMEDIATE SOURCE: 

(B) CLONE: Peptide Y 

^ (ix) FEATURE: 



(A) NAME/KEY: Peptide 

(B) LOCATION: 1. .15 

<xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 
Thr Val Glu Gly Ala Gly Ser He Ala Ala Ala Thr Gly Phe Val 



10 



20 



25 



1 



5 



10 



15 



9/20/2005, EAST Version: 2.0.1.4 



WO95fl»6407 PCT/DSM/09789 

-91- 

(2) INF0BMA7I0N FOR SEQ ID SO: 6: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 amino acids 

(B) TTFE: amino acid 

5 (C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(vii) IMMEDIATE SOURCE: 

(B) CLONE: Fragment TL 

10 (ix) FEATURE: 

(A) NAME/KEY: Peptide 

(B) LOCATION: I.. 9 

Cxi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

Glu Gin Val Thr Asn Gly Gly Ala Cys 
15 1 5 

(2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 8 amino acids 

(B) TYPE: amino acid 

20 (G) STRANDEDNESS : single 

CD) TOPOLOGY: linear 

Cil) MOLECULE TYPE: peptide 

Cvii) IMMEDIATE SOURCE: 

CB) CLONE: Fragment Y 

25 Clx) FEATURE: 

CA) NAME/EEY: Peptide 

CB) LOCATION: 1. .8 
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(xi) SEQUENCE DESCRIPTION: SEQ ID K0:7: 

Thr Val Clu Gly Ala Gly Ser Cys 
1 5 

(2> IHFOBHMION FOR SEQ ID NO: 8: 

5 (1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 11 amino acids 

(B) T7FE: amino acid 

<C) STRANDEDIIESS: single 
(D) TOPOLOGY: linear 

10 (ii) MOLECULE TYPE: peptide 

(vii) IMHEDIAXE SOURCE: 

(B) CLOHE: Control Peptide 



(ix) FEATURE: 

(A) NAME/KEY: Peptide 
15 (B) LOCATION: 1..11 

<aci) SEQUENCE DESCRIPTION; SEQ ID NO: 8: 

Gin Gly Tyr Gin Asp Tyr Clu Pro Clu Ala Cys 
15 10 

(2) INFORBATION FOR SEQ ID NO: 9: 



20 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 29 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

25 (ii) MOLECULE TYPE: DNA (genomic) 



(vii) IHHEDIATE SOURCE: 

(B) CLONE: Sense Primer (XI) 
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(ix) FEATURE: 

(A) NAHE/KEY: inodi£led_base 

(B) LOCATION: 1..29 

<D) OTHER IBFORMATIOH: /note«= "where N Is tnoslne*' 



5 (xi) SEQUENCE DESCRXFTION: SEQ H) NO: 9: 

GARGARfiTNA CNAAT6TN6G NGONGCNGT ^® 

(2) ZNFORKATION FOR SEQ ID NO: 10: 

(1) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 29 base pairs 
10 (B) TYPE: imcleic acid 

(C> STRANOEDNESS: single 
<D) TOFOUOGY: linear 

(11) lfi>LECULE TYFE: DNA (genomic) 



(vll) XMMEDIAXE SOURCE: 
15 (B) CLONE: anclsense primer (X2) 

(ix) FEATURE: 

(A) NAHE/KEY: miscJtNA 

(B) LOCATION: 1. .93 

(Ix) FEATURE: 
20 (A) NAHE/KET: modlf ledj>ase 

(B) LOCATION: I. .29 

(D) OTHER INFORMATION: /note= "where N Is inosine" 
(xi) SEQUENCE PESCRIFTION: SEQ ID NO: 10: 
TTYT6N6CNA GNGCNGHSAC NCCN6TNAC 
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(2) INFORK^TION FOR SEQ ID NO: 11: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 23 ba66 pairs 

(B) TYPE: nucleic acid 

5 (C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(it) MOLECULE TYPE: DNA (genomic) 

(vii) mHEDIATE SOURCE: 

(B) CLONE: Sense Primer (z) 

10 (ix) FEATURE: 

(A) NAME/KEY: misc_RNA 

(B) LOCATION: 1..23 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 
ACGACTCCT6 GAGCCCGTCA GTA 
15 (2) INFOSKATION FOR SEQ ID NO: 12: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 23 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
20 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(vii) IMMEDIATE SOURCE: 

(B) CLONE: Antlsense Primer (alpha z) 

(ix) FEATURE: 
25 (A) NAME/KEY: misc_RMA 

(B) LOCATION: 1,.23 
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(xi) SEQUENCE DESCRIFTIOH: SEQ ID 00:12: 
GTAATGGXAG CGAGCG6CGC TCA 23 



9/20/2005, EAST Version: 2.0.1.4 



WOM/06407 PCT/OSJWflMrW 

-96- 

SUMMARY OF THE SEQUENCES 

Sequence LD. No. 1 oligonucleotide is a sequence for cDNA encoding NACP 
polynucleotide. 

Sequence I.D. No. 2 Is an amino acid sequence for NACP polypeptide. 

5 Sequence LD. No. 3 an amino add sequence for NAC polypeptide. 
Sequence I.D. No. 4 is an amino add sequence for X peptide. 
Sequence I.D. No. 5 is an amino add sequence for Y peptide 
Sequence i.D. No. 6 is an amino add sequence for fragment X1 
Sequence I.D. No. 7 is an amIrK) add sequence for fragment Y 

10 Sequence I.D. No. 8 is an amino add sequence for a control peptide. 

Sequence I.D. No. 9 dlgonudeotide is a sense primer pci) for tiie N-taminal 
lialf of X peptide. 

Sequence I.D. No. 10 oligonucleotide is an antisense primer P(2) for tiie C- 
terminat half of X p^stide. 

1 5 Sequence I.D. No. 1 1 ofigonudeotide Is a sense primer (Z) for a region flanidng 
tine EcoRI dorung site of lamisda gtii . 
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Sequence I.D. No. 12 oligonucleotide is an antlsense primer (oZ) for a regjon 
flanking tlie EcoRI cloning site of lambda gtl 1 . 
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CLAIMS 

1. An Isolated polypeptide comprising all or a portion of NACP. 

2. An isolated polynucleotide wwhich encodes the polypeptide of daim 1. 

3. The polynucleotide of daim 2, wherein the polynudeotide is DNA 

4. The polynudeotide of daim 2. wherein the polynudeotide is RNA 

5. A host ceP contairnng the polynucleotide of claim 2. 

6. A recombinant expression vector containing the polynudeotide of claim 
2. 

7. The vector of daim 6. wherein the polynucleotide is an antisense 
sequence. 

8. The vector of daim 6. which is a virus. 

9. The vector of daim 8. wherein the vims is an RNA virus. 

10. The vector of daim 9. wherein the RNA virus is a retrovirus. 

11. The vector of daim 6. wherein the vector is a colloidal dispersion 
system. 
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12. The vector of daim 11, wherein the colloidal dispersion system is a 
liposome. 

13. The vector of daim 12, wherein the liposome is essentially target 
specific. 

14. The vector of daim 13, wherein the liposome is anatomically targeted. 

15. The vector of daim 13, wherein the Bposome is mechanistically 
targeted. 

16. The vector of daim 15, wherein the medianistic targeting is passive. 

17. The vector of daim 15, wherein the mechanistic targeting is active. 

18. The vector of daim 17, wherein ttie liposome is actively targeted by 
coupling with a moiety selected from tiie group consisting of a sugar, 
a glycolipid and a protein. 

19. The vector of daim 18. wherein the protein moiety is an antitjody. 

20. The vector of daim 6, wheran the vector is a plasmid. 
^l\ Antit)odies which are immunpreactive with the polypeptide of daim 1, 



-""^ or fragments thereof. 

22) The antltKJdies of daim 21 , wherein the antibodies are polydonal. 
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^ ^ The antibcklies of daim 21 , wherein the antibodies are monoclonal. 



(3 



24. A method for detecting a cell expressing NACP comprising contacting 
a cell component with a reagent which binds to the component 

25. The method of daim 24. wherein the component is nudeic add. 

26. The method of claim 24, wherein the component is protein. 

27. The method of daim 25. wherein the nucleic add is DMA. 

28. The method of daim 25. wherein the nudeic add is RNA. 

29. The method of daim 24. wherein the reagent is a probe. 

30. The method of daim 29. wherein the probe is nucleic add. 

31 . The method of daim 29. wherein the probe is an antibody. 

32. The method of claim 31 , wherein the antibody is polyclonal. 

33. The method of daim 31 . wherein the arrtibody Is monodonal. 

34. The method of daim 26, wherein the protein is NACP and the reagent 
is an NACP peptide. 

35. The method of daim 34. wherein the NACP peptide is about 28 amino 
acids in length or shorter. 
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36- The method of daim 26, wherein the protein is NACP and the reagent 
is a MAC peptide. 

37. The method of daim 36, wherein the NAC peptide is about 28 arrino 
adds In length or shorter. 

38. The method of daim 24, wherein the reagent is detectably iai3eled. 

39. The method of daum 38, v^rtierein the label is selected from the group 
consistffig of a radioisotope, a paramagnetic isotope, a bioluminescent 
compound, a chemllumin^oent compound, a fluorescent compound, 
a metal chelate, or an enzyme. 

40. A method for delating amyloid formation in brain comprising 
contacting a brain tissue sample with a reagent which tjinds to NAC. 

41. The method of d^m 40, wherein the reagent is a probe. 

42. The method of daim 41. wherein the probe is an antifcKXiy. 

43. The method of daim 42, wherein the antibody is polydonal. 

44. Ttie method of dsum 42. wherein ttie antibody is monodonai. 

45. The method of dsum 40, wherein the reagent is a NAC peptide. 

46. The metiiod of daim 45. wherein the NAC peptide is about 28 ammo 
adds in length or shorter. 
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47. The method of daim 40, wherein the reagant is detectably labeled, 

48. TTie method of claim 47, wherein the label is selected from the group 
consisting of a radioisotope, a bioluminescent compound, a 
chemiluminescent compound, a fluorescent compound, a metal chelate, 
or an enzyme, 

3 A method of treating an amyloid disorder assodated with MAC 
comprising administering to a subject vwth the disorder, a 
therapeutically effective amount of reagent whidi modulates NACP 
activity. 

50. The method of daim 49. wherein the reagent is an antisense 
potynudeotide sequence. 



TTie method of daim 50, wherein the reagent is an antibody. 
SZ^ The method of claim 51, wherein the antibody is monodonal. 
^ The method of daim 49. wherein the reagant is a NAC peptide. 

54. TTie method of daim 53, wherein the NAC peptide is about 28 amino 
adds in length or shorter. 

55, The method of daim 49, wherein the reagant is detectably labeled. 



The method of claim 49, wherein the amyloid disorder is formation of 
neuritic plaques in the brain. 
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sy. The method of daim 49, wherein the reagent is a sense polynucleotide 
sequence. 



58j A method of treating an amyloid disorder associated with NAC 
^ comprising admintetering to a subject with the disorder, a 
therapeutically effective amount of reagent which modulates NAC 
aggregation. 



60. The method of claim 59, wherein the NAC peptide is about 28 amino 
adds in length or shorter. 

61 , The method of daim 59, wherein the reagant Is detectably labeled. 



The method of daim 58, wherein the amyloid disorder is formation of 
neuritic plaques In the brain. 

63. An isolated potynudeotide sequence which comprises 5' and 3' 
untranslated nucleotide sequences assodated with the nudeotide 
sequence which encodes NACP. 

64. The polynucleotide of daim 63, wherein the polynudeotide is Sequence 
I.D. No 1, 





The method of daim 58, wherein the reagant is a NAC peptide. 




65. 



An isolated polynudeotide sequence whidi comprises nudeotide 
sequence encoding NAC polypeptide, or a fragment thereof. 
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68. An isolated polypeptide wherein the polypeptide is encoded by the 
polynucleotide of Sequence ID. No. 1. 

67. The polypeptide of dalm 66, wherein the polypeptide is Sequence ID. 
No. 3. 

68. The polypeptide of dalm 66, wherein the polypeptide is Sequence I.D. 
No. 4. 

69. The polypeptide of dalm 66. wherein the polypeptide is Sequence LD. 
No. 5. 

70. A transgenic mouse comprising a gene that encodes the polypeptide 
NACP. a fragment thereof, or a functional derivative thereof. 

71. A method for diagnosing AD by detecting the presence of NAC in 
amykMd in the brain tissue of a mammal, comprfeing: 

(a) administBring a detectably labeled fvlAC peptide that will cross 
the blood/brain banier of the mammal and bind any NAC 
therein into the blood drculab'on of the rnamwai; and, 

(b) delecting any binding of NAC by the detectably labeled NAC 
peptide. 

72. The method according to daim 71 wherein the NAC peptide is about 
28 amino adds in length or shorter. 

73. The method according to daim 71 wherein the NAC peptide is 
detectably labeled with a radioisotope. 
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74. The method according to daum 73 wherein any bound, deteclably 
15 labeled peptide is detected by single photon emission computed 

tomography or postiron emission tomography. 

75l The method accorcGng to daim 71 wherein ttie NAC peptide is 
detectabty lat>eled wth a paramagnetic isotope. 

20 76. The method according to daim 75 wher^ any tx)und, deteclably 
labeled NAC peptide is detected t>y magnetic resonance lodging. 

77. A method for evaltcdng the progression of amyloid formation in AD by 
detecting the presence of MAC in amyloid in the brain tissue of a 
mammal, comprising: 

25 (a) administering a detectabty labeled reagent that wHI cross the 

blood/brain l>anier of tfie mammal and bind any NAC therein 
into the blood drculation of the mammal; and, 
(I)) detecting any binding of NAC by the detectably labeled reagent 



78, The method according to daim 77 wherein the reagent is a NAC 



30 



m The method according to daim 78 wherein tiie NAC peptide is about 
28 amino adds in lengtii or shorter. 

80. The mettiod according to daim 77 wherein the reagent is an anttoody. 

81. The method according to daim 77 wherein the reagent is detectably 
35 labeled with a radioisotope. 
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82. The method according to daim 81 wherein any k)ound, detectably 
labeled reagent is detected l>y single photon emission computed 
tomography or postiron emission tomogre^ahy. 

83. The method according to daim 77 vwhereln the reagent Is detectably 
40 latieied with a paramagnetic isotope. 

84. The method according to daim 83 wherein any bound, detectably 
labeled reagent Is detected by magnetic resonance imaging. 

85. A method ft)r evaluating the progression of amyloid formation in AD by 
45 detecting the presence of NACP in amyloid in the brain tissue of a 

mammal, comprteing: 

(a) administering a detectably labeled reagent that win cross the 
blood/brain barrier of the mammal and bind any NACP therein 
into tfw blood circulation of the mammal; and, 
50 (b) detecting any binding of NACP by the detectably lalseled 

reagent 

86. The method according to daim 85 wherdn the reagent is a NACP 
peptide. 

87. The method according to daim 86 wherein the NACP peptide is about 
55 28 amino adds In length or shorter. 

88. The method according to daim 85 wherein the reagent is an antilsody. 
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es. The method acx»rding to ctedm 85 wherein the reagent is detectsdsly 
latseled with a radidsotope. 

90. The method according to daim 89 wherein any bmind, detectably 
60 lalaeled reagent Is detected by single photon emission computed 

tomography or postiron err^ssion tomography. 

91, The method according to dsdm 85 wherein the reagent is detectably 
labeled with a paramagnetic isotope. 

65 92. The method according to dalm 91 wherdn any bound, detectably 
Isdaeied reagent is detected t>y magnetic resonance imaging. 
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